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It will be noticed that the Key is divided into sections 
corresponding to the various sections of the questions and 
examples at the end of each volume. The answers are so 
numbered as to be similar to the numbers before the 
questions to which they refer. 
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ARITHMETIC. 

(QUESTIONS 1-75.) 

(1) See Art. 1. 

(2) See Art. 3. 

(3) See Arts. 5 and 6. 

(4) See Arts. lO and 11. 

(5) 980 = Nine hundred eighty. 
605 = Six hundred five. 

28,284 = Twenty-eight thousand, two hundred eighty-four, 
9,006,042 = Nine million, six thousand and forty-two. 
850,317,002= Eight hundred fifty million, three hundred 
seventeen thousand and two. 

700,004 = Seven hundred thousand and four. 

(6) Seven thousand six hundred = 7,600. 
Eighty-one thousand four hundred two = 81,402. 
Five million, four thousand and seven == 5,0Q4,007. 

One hundred and eight million, ten thousand and one = 
108,010,001. 

Eighteen million and six = 18,000,006. 
Thirty thousand and ten = 30,010. 

(7) In adding whole numbers, place the numbers to be 
added directly under each other so that 3 2 90 

the extreme right-hand figures will stand -q^ 

in the same column, regardless of the §65403 

position of those at the left. Add the first 2 7 4 

column of figures at the extreme right, g^ 

which equals 19 units, or 1 ten and 9 ijr 

units. We place 9 units under the units 

column, and reserve ' i. t;?n for the cylunjn ^ "^ 1 3 5 9 An& 

• ■•' ' - . , - '. » , » » » ^ 

For notice of the copyright, see page iriimecliately foMowing the title page. 



2 ARITHMETIC. 

of tens. 1 + 8 + 7 + 9 = 25 tens, or 2 hundreds and 5 
tens. Place 5 tens under the tens column, and reserve 
2 hundreds for the hundreds column. 2 + 4+5 + 2 = 13 
hundreds, or 1 thousand and 3 hundreds. Place 3 hundreds 
under the hundreds column, and reserve the 1 thousand 
for the thousands column. 1 + 2 + 5 + 3 = 11 thousands, 
or 1 ten-thousand and 1 thousand. Place the 1 thousand in 
the column of thousands, and reserve the 1 ten-thousand 
for the column of ten-thousands. 1 + G = 7 ten-thousands. 
Place this seven ten-thousands in the ten-thousands column.- 
There is but one figure 8 in the hundreds of thousands place 
in the numbers to be added, so it is placed in the hundreds 
of thousands column of the sum. 

A simpler (though less scientific) explanation of the same 
problem is the following : 7+1 + 4+3 + 4+0=19; write 
the nine and reserve the 1. 1 + 8+7 + + 0+9=25; 
write the 5 and reserve the 2. 2 + + 4 + 5 + 2 = 13: 
write the 3 and reserve the 1. 1 + 2 + 5 + 3 = 11; write 
the 1 and reserve 1. 1 + 6 = 7; write the 7. Bring down 
the 8 to its place in the sum. 

(8) 709 

8304725 

391 

100302 

300 

909 



8407336 Ans. 

(9) {a) In subtracting whole numbers, place the sub- 
trahend or smaller number under the minuend or larger 
number, so that the right-hand figures stand directly under 
each other. Begin at the right to subtract. We can not 
subtract 8 units from 2 units, so we take 1 ten from the 
6 tens and add it to the 2 units. As 1 ten = 10 units^ we 
have 10 units + 2 units = 12 units.^^ Tljen, 8 units from 
12 units leaves 4 •uhfts-:'''''^^^ t(iok l^^lei) from 6 tens, so 
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ARITHMETIC. 

only 5 tens remain. 3 tens from 5 tens 50952 
leaves 2 tens. In the hundreds column we 3333 
have 3 hundreds from 9 hundreds leaves 



6 hundreds. We can not subtract 3 thou- ^'^^^^ Ans. 
sands from thousands, so we take 1 ten-thousand from 
5 ten-thousands and add it to the thousands. 1 /eti- 
thousand = 10 thousands^ and 10 thousands + thousands 
= 10 thousands. Subtracting, we have 3 thousands from 
10 thousands leaves 7 thousands. We took 1 ten-thousand 
from 5 ten-thousands and have 4 ten-thousands remaining. 
Since there are no ten-thousands in the subtrahend, the 
4 in the ten-thousands column in the minuend is brought 
down into the same column in the remainder, because from 
4 leaves 4. 

(b) 15 339 
10001 



5 3 38 Ans. 

(lO) {a) 70968 {b) 100000 
32975 98735 



3 7993 Ans. 1265 Ans. 

(11) We have given the minuend or greater number 

(1,004) and the difference or remainder (49). Placing these 

1004 
in the usual form of subtraction we have in which 

4^ 

the dash ( ) represents the number sought. This number 

is evidently less than 1,004 by the difference 49, hence, 

1,004 — 49 = 955, the smaller number. For the sum of the 

10 4 larger . 

two numbers we then have 9 5 5 smaller 

19 5 9 sum, Ans. 

Or, this problem may be solved as follows : If the greater 

of two numbers is 1,004, and the difference between them is 

49, then it is evident that the smaller number must be 

equal to the difference between the greater number (1,004) 



4 ARITHMETIC. 

and the difference (49); or, 1,004 — 49 = 955, the smaller 
number. Since the greater number equals 1,004 and the 
smaller number equals 955, their sum equals 1,004 + 955 
= 1,959 sum. Ans. 

(12) The numbers connected by the plus (+) sign must 
first be added. Performing these operations we have 

5962 3874 

8471 2039 

9023 5913 sum. 



2 3 4 5 6 sum. 

Subtracting the smaller number (5,913) from the greater 

(23,456) we have 

23456 

5913 



17 5 4 3 difference. Ans. 

(13) $44675 = amount willed to his son. 

2 6 3 8 = amount willed to his daughter. 

$71055 = amount willed to his two children. 

$125000 = amount willed to his wife and two 

children. 
710 5 5 = amount willed to his two children. 

$53945 = amount willed to his wife. Ans. 

(14) In the multiplication of whole numbers, place the 
multiplier under the multiplicand, and multiply each term 
of the multiplicand by each term of the multiplier, writing 
the right-hand figure of each product obtained under the 
term of the multiplier which produces it. 

{a) 7x7 units = 49 units, or 4 tens and 9 

5 2 6 3 8 7 units. We write the 9 units and reserve 

7 the 4 tens. 7 times 8 tens = 56 tens; 

3 6 8 4 7 9 Ans. ^^ \.^TiS + 4 tens reserved = 60 tens or 

6 hundreds and tens. Write the 
tens and reserve the 6 hundreds. 7x3 hundreds = 21 hun- 
dreds; 21 + 6 hundreds reserved = 27 hundreds, or 2 thou- 
sands and 7 himdreds. Write the 7 hundreds and reserve 



ARITHMETIC. 6 

the 2 thousands. 7x6 thousands = 42 thousands; 42 
+ 2 thousands reserved = 44 thousands or 4 ten-thousands 
and 4 thousands. Write the 4 thousands and reserve the 
4 ten-thousands. 7x2 ten-thousands = 14 ten-thousands ; 
14 4- 4 ten-thousands reserved = 18 ten-thousands, or 
1 hundred-thousand and 8 ten-thousands. Write the 8 ten- 
thousands and reserve the 1 hundred-thousand. 7x5 hun- 
dred-thousands = 35 hundred-thousands ; 35 + 1 hundred- 
thousand reserved = 36 hundred-thousands. Since there 
are no more figfares in the multiplicand to be multiplied, 
we write the 36 hundred-thousands in the product. This 
completes the multiplication. 

A simpler (though less scientific) explanation of the same 
problem is the following: 

7 times 7 = 49 ; write the 9 and reserve the 4. 7 times 
8 = 56 ; 56 + 4 reserved = 60 ; write the and reserve the 6. 
7 times 3 = 21 ; 21 + 6 reserved = 27 ; write the 7 and re- 
serve the 2. 7 X 6 = 42; 42 + 2 reserved = 44; write the 
4 and reserve 4. 7 X 2 = 14; 14 + 4 reserved = 18; write 
the 8 and reserve the 1. 7 X 5 = 35; 35 + 1 reserved = 36; 
write the 36. 

In this case the multiplier is 17 
units^ or 1 ten and 7 units^ so that (^) 7 00 2 9 8 

the product is obtained by adding 17 

two partial products, namely, 7X 4902086 

700,298 and 10 X 700,298. The 700298 

actual operation is performed as 11905066 Ans. 

follows: 

7 times 8 = 56 ; inrite the 6 and reserve the 5. 7 times 9 = 
63 ; 63 + 5 reserved = 68 ; write the 8 and reserve the 6. 
7 times 2= 14; 14+6 reserved = 20; write the and re- 
serve the 2. 7 times = 0; + 2 reserved = 2 ; write the 2. 
7 times = ; + reserved = ; write the 0. 7 times 7 = 
49 ; 49 + reserved = 49 ; write the 49. 

To multiply by the 1 ten we say 1 times 700298 = 700298, 
and write 700298 under the first partial product, as shown, 
with the right-hand figure 8 under the multiplier 1. Add the 
two partial products; their sum equals the entire product. 



6 ARITHMETIC. 

(c) 217 Multiply any two of the numbers together 

103 and multiply their product by the third 

6 51 number. 

2170 



22351 

67 

156457 
134106 
14 9 7 517 Ans. 

(15) If your watch ticks every second, then to find how 
many times it ticks in one week it is necessary to find the 
number of seconds in 1 week. 

6 seconds = 1 minute. 
6 minutes = 1 hour. 
3 6 seconds = 1 hour, 
24 hours = 1 day. 



14400 
7200 



8 6 40 seconds = 1 day. 
7 days = 1 week. 



6 048 seconds in 1 week or the number of times that 
Ans. your watch ticks in 1 week. 

(16) If a monthly publication contains 24 pages, a yearly 

2 4 volume will contain 12x24 or 288 pages, since 

12 there are 12 months in one year; and eight 

233 yearly volumes will contain 8x288, or 2,304 

8 pages. 



2 3 04 Ans. 

(17) If an engine and boiler are worth $3,246, and the 
building is worth 3 times as much, plus $1,200, then the 
building is worth 

$3246 

3 

9 7.3 8 
plus 12 

$10 9 3 8 = value of building. 



ARITHMETIC. 7 

If the tools are worth twice as much as the building, plus 
$ly875y then the tools are worth 

$10938 
2 



21876 
plus 18 7 5 



$23751 = value of tools. 
Value of building = $10938 
Value of tools = 2 3 7 51 



$34689 = value of the building 

and tools, {a) Ans. 
Value of engine and 

boiler = $ 3246 
Value of building 

and tools = 3 4 6 8 9 



$ 3 7 9 3 5 = value of the whole 

plant, {b) Ans. 

(18) {a) (72 X 48 X 28 X 5) -^ (96 X 15 X 7 X 6). 
Placing the numerator over the denominator the problem 
becomes 

72 X 48 X 28 X 5 ^ 
96 X 15 X 7 X 6 

The 5 in the dividend and 15 in the divisor are both divis- 
ible by 5, since 5 divided by 5 equals 1, and 15 divided by 
5 equals 3. Cross off the 5 and write the 1 over it ; also cross 
off the 15 and write the 3 under it. Thus, 

1 

72 X 48 X 28 X ^ _ 

96 X ;^ X 7 X 6 " 
3 

The 5 and 15 are not to be considered any longer, and, in 
fact, may be erased entirely and the 1 and 3 placed in their 
stead, and treated as if the 5 and 15 never existed. Thus, 

72 X 48 X 28 X 1 ^ 
96X3X7X6 - 



8 ARITHMETIC. 

72 in the dividend and 96 in the divisor are divisible by 12, 
since 72 divided by 12 equals 6, and 96 divided by 12 equals 
8. Cross off the 72 and write the 6 over it ; also, cross off 
the 96 and write the 8 under it. Thus, 

6 

y$Z X 48 X 28 X 1 _ 

^M 3 X 7 X 6 
8 

The 72 and 96 are not to be considered any longer, and, 
in fact, may be erased entirely and the 6 and 8 placed in 
their stead, and treated as if the 72 and 96 never existed. 
Thus, 

6 X 48 X 28 X 1 _ 
8X3X7X6 "■ 

Again, 28 in the dividend and 7 in the divisor are divisible 
by 7, since 28 divided by 7 equals 4, and 7 divided by 7 
equals 1. Cross off the 28 and write the 4 over it; also, cross 
off the 7 and write the 1 under it. Thus, 

4 

6 X 48 X jZM 1 ^ 
8x3x/X 6 
1 

The 28 and 7 are not to be considered any longer, and, in 
fact, may be erased entirely and the 4 and 1 placed in their 
stead, and treated as if the 28 and 7 never existed. Thus, 

6 X 48 X 4 X 1 _ 
8X3X1X6 

Again, 48 in the dividend and 6 in the divisor are divisible 
by 6, since 48 divided by 6 equals 8, and 6 divided by 6 equals 
1. Cross off the 48 and write the 8 over it; also, cross off 
the 6 and write the 1 under it. Thus, 

8 
6x^ X 4x 1 _ 

8x3xlX^ "" 

1 

The 48 and 6 are not to be considered any longer, and, in 

fact, may be erased entirely and the 8 and 1 placed in their 

stead, and treated as if the 48 and 6 never existed. Thus, 
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6X8X4X1 _ 
8X3X1X1 
Again, 6 in the dividend and 3 in the divisor are divisible 
by 3, since 6 divided by 3 equals 2, and 3 divided by 3 equals 
1. Cross offXht 6 and write the 2 over it; also, cross off the 
3 and write the 1 under it. Thus, 

2 

)a;x8x4xi _ 

8X^X1X1 

The 6 and 3 are not to be considered any longer, and, in 
fact, may be erased entirely and the 2 and 1 placed in their 
stead, and treated as if the 6 and 3 never existed. Thus, 

2X 8X 4X 1 _ 
8X1X1X1 

Canceling the 8 in the dividend and the 8 in the divisor, 
the result is 

1 
2xM4xl __ 2xlx4xl 

^xlxlxl^lxlxlxl* 

1 

Since there are no two remaining numbers (one in the 
dividend and one in the divisor) divisible by any number ex- 
cept 1, without a remainder, it is impossible to cancel further. 

Multiply all the uncanceled numbers in the dividend 
together, and divide their product by the product of all 
the uncanceled numbers in the divisor. The result will be the 
quotient. The product of all the uncanceled numbers in 
the dividend fi(\}\z\^ 2x1x4x1 = 8; the product of all the 
uncanceled numbers in the divisor equals 1x1x1X1=1. 

XT 2X1X4X1 8 o . 

Hence, :; -• = - = 8. Ans. 

IXlXlXl 1 

2 

« ? 4 1 

^ jr^x^x^gx^ _8_Q . „ 

^"■^ ?6x;^x7x^"-r"-^- ^^• 

^ 1 

1 I 



10 ARITHMETIC. 

{d) (80 X 60 X 50 X 16 Xl4) -^ (70 X 50 X 24 X 20). 

Placing the numerator over the denominator, the problem 

becomes 

80 X 60 X 50 X 16 X 14 ^ 

70 X 50 X 24 X 20 "" 

The 50 in the dividend and 70 in the divisor are both divis- 
ible by 10, since 50 divided by 10 equals 5, and 70 divided 
by 10 equals 7. Cross offth^ 50 and write the 5 over it; 
also, cross offth^ 70 and write the 7 Under it. Thus, 

5 
80 X 60 X ^P X 16 X 14 _ 

;)J X 50 X 24 X 20 " 

7 

The 50 and 70 are not to be considered any longer, and., 

in fact, may be erased entirely and the 5 and 7 placed in 

their stead, and treated as if the 50 and 70 never existed. 

Thus, 

80 X 60 X 5 X 16 X 14 _ 

7 X 50 X 24 X 20 ~ 

Also, 80 in the dividend and 20 in the divisor are divisible 
by 20, since 80 divided by 20 equals 4, and 20 divided by 20 
equals 1. Cross off the 80- and write the 4 over it; also, 
cross off the 20 and write the 1 under it. Thus, 

4 

^P X 60 X 5 X 16 X 14 ^ 

7 X 50 X 24 X ^0 

1 

The 80 and 20 are not to be considered any longer, and, 

in fact, may be erased entirely and the 4 and 1 placed in 

their stead, and treated as if the 80 and 20 never existed. 

Thus, 

4 X 60 X 5 X 16 X 14 ^ 

7 X 50 X 24 X 1 

Again, 16 in the dividend and 24 in the divisor are divisible 
by 8, since 16 divided by 8 equals 2, and 24 divided by 8 
equals 3. Cross off\.\it, 16 and write the 2 over it; also cross 
off the 24 and write the 3 under it. Thus, 
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2 
4x60x5x;M14 _ 

7x50x?^Xl 
3 

The 16 and 24 are not to be considered any longer, and, 
in fact, may be erased entirely and the 2 and 3 placed in 
their stead, and treated as if the 16 and 24 never existed. 
Thus, 

4X60X5X2X14 __ 
7X50X3X1 "" 

Again, 60 in the dividend and 50 in the divisor are divis- 
ible by 10, since 60 divided by 10 equals 6, and 50 divided by 
10 equals 5. Cross off the 60 and write the 6 over it ; also, 
cross oflE the 50 and write the 5 ufider it. Thus, 

6 
4x^X5x2xl4 _ 

7 X /^)J X 3 X 1 
5 

The 60 and 50 are not to be considered any longer, and, in 
fact, may be erased entirely and the 6 and 5 placed in their 
stead, and treated as if the 60 and 50 never existed. Thus, 

4X6X5X2X14 _ 
7X5X3X1 "" 

The 14 in the dividend and 7 in the divisor are divisible by 
7, since 14 divided by 7 equals 2, and 7 divided by 7 equals 1. 
Cross offth^ 14 and write the 2 over it; also, cross off the 7 
and write the 1 under it. Thus, 

2 
4x6x5x2x;^ ^ 

jT X 5 X 3 X 1 
1 

The 14 and 7 are not to be considered any longer, and, in 
fact, may be erased entirely and the 2 and 1 placed in their 
stead, and treated as if the 14 and 7 never existed. Thus, 

4X6X5X2X2 _ 
1X5X3X1"" 

c: Vol. VI.— 3. 
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The 6 in the dividend and 5 in the divisor are divis- 
ible by 6, since 5 divided by 5 equals 1. Cross off the 5 
of the dividend and write the 1 over it ; also, cross oflf the 6 
of the divisor and write the 1 under it. Thus, 

1 

4X6X^X2X2 _ 

1 X /^X 3 X 1 
1 

The 6 in the dividend and 5 in the divisor are not to be 
considered any longer, and, in fact, may be erased entirely 
and 1 and 1 placed in their stead, and treated as if the 6 and 
5 never existed. Thus, 

4X 6 X 1 X 2X2 _ 
1X1X3X1 "" 
The 6 in the dividend and 3 in the divisor are divisible by 
3, since 6 divided by 3 equals 2, and 3 divided by 3 equals 1. 
Cross off the 6 and place 2 over it ; also, cross off the 3 and 
place 1 under it. Thus, 

2 
4x)aixlx2x2 _ 

IxlxMl 

1 

The 6 and 3 are not to be considered any longer, and, in 
fact, may be erased entirely and 2 and 1 placed in their 
stead, and treated as if the 6 and 3 never existed. Thus, 

4X2X1X2X2^32^ 

1x1x1x1 1 

2 1 
4 6^22 
TT,„^^ ^0X#X^0x;^x;jt _ 4x2xlx2x2 _32_ 
^^''''^' ny.WY.%^%^ " IXlXlxl "I'^nl 

111 
(19) 28 acres of land at 1133 an acre would cost 
28 X $133 = $3,724. 
28 
1064 
266 
$3724 
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If a mechanic earns $1,500 a year and his expenses are 
$968 per year, then he would save $1500— $968, or $532 
per year. 968 

$532 

If he saves $532 in 1 year, to save $3,724 it would take as 
many years as $532 is contained times in $3,724, or 7 years. 

532)3724(7 years. Ans. 
3724 



(20) If the freight train ran 365 miles in one week, and 
3 times as far lacking 246 miles the next week, then it ran 
(3 X 365 miles) — 246 miles, or 849 miles the second week. 
Thus, 3 6 5 

3 



1095 
246 



difference 849 miles. Ans. 

(21) The distance from Philadelphia to Pittsburg is 354 
miles. Since there are 5,280 feet in one mile, in 354 miles 
there are 354 X 5,280 feet, or 1,869,120 feet. If the driving 
wheel of the locomotive is 16 feet in circumference, then in 
going from Philadelphia to Pittsburg, a distance of 1,869,- 
120 feet, it will make 1,869,120 -f- 16, or 116,820 revolutions. 

16)1869120(116820 rev. Ans. 
16 

16 

109 
96 

131 

128 

32 
32 
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(22) (a) 576)589824(102 4 Ans- 

576 

1382 
1152 



2304 
2304 



(6) 43911)369730620(8420 Ans. 

351288 

184426 
175644 



87822 
87822 





(c) 506)2527525(5005 Ans. 

2525 



2525 
2525 

{(/) 1234)4961794302(4020903 An& 

4936 



2579 
2468 



11143 
11106 



3702 
3702 

(23) The harness evidently cost the difference between 
$444 and the amount which he paid for the horse and wagon. 

Since $264 + $153 = $417, the amount paid for the horse 
and wagon, $444 — $417 = $27, the cost of the harness. 

$264 $444 

153 417 



$417 $27 Ans. 
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1.5 



(24) (a) 



(*) 



1024 
576 

6144 
7168 
6120 

6 8 9 8 2 4 Ans. 

5005 
505 



25025 
250250 

2527525 Ans. 



w 



43911 
8420 

878220 
175644 
351288 

• 369730620 Ans. 

(25) Since there are 12 months in a year, the number of 
days the man works is 25 X 12 = 300 days. As he works 10 
hours each day, the number of hours that he works in one 
year is 300 x 10 = 3,000 hours. Hence, he receives for his 
work 3,000 X 30 = 90,000 cents, or 90,000 -H 100 = $900. Ans. 



(26 

(27 
(28 
(29 
(30 

(31 



See Art. 71. 
See Art. 77. 
See Art. 73. 
See Art. 73. 
See Art. 75. 

13 

— is an improper fraction, since its numerator 13 

o 



is greater than its denominator 8. 

(32) 4'^4=«4- 
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3 3 

{e) 15-r -T- 4^ = ? Before proceeding with the division, 

4 8 

reduce both of the mixed numbers to improper fractions. 
Thus,4 = (^^X^^) + ^ = g^ = f,and4=(i>i|)±-^= 

— -! — = — . The problem is now -— -^ -— = ? As before, 
8 8 4 o 

,,,,.. . ,,. , 63 35 63^ 8 63 X 8 

invert the divisor and multiply ; -r-^ -^ = -r X ttx = TT7irr= 

4 8 4 35 4Xo5 

504 _ 252 _ 126 _ 18 

140 "■ 70 ■" 35 "" 5 • 

5)18(3^ Ans. 

Li 

3 

(3«) s-+l + l = i±l^ = |-- ^- 

When the denominators of the fractions to be added are 
alike^ we know that the units are divided into the same 
number of parts (in this case eighths^ ; we, therefore, add the 
numerators of the fractions to find the number of parts 

(eighths) taken or considered, thereby obtaining — or 1 as 

o 

the sum. 

(39) When the denominators are not alike we know that 
the units are divided into unequal parts ^ so before adding 
them we must find a common denominator for the denom- 
inators of all the fractions. Reduce the fractions to fractions 
having this common denominator, add the numerators and 
write the sum over the common denominator. 

In this case, the least common denominator, or the least 
number that will contain all the denominators, is 16 ; hence, 
we must reduce all these fractions to sixteenths and then add 
their numerators. 

13 5 1 

i- + K- + :n: = ? To reduce the fraction — to a fraction 
4 8 16 4 

having 16 for a denominator, we must multiply both terms 



Erie. 1^ 

of tlw framm br s^sczir r:I=rh^r m-i jci ir:_ rr>i»?t : V ^::r\riirfc- 

: X 4 * 



4X4 :f 




br ^ to make the dcaoaariJitor it^ ATsi w^ hj»\x^ v t . 

> X t U^ 

The fractions now have a oodsav^n der^>:r.:nA:or It^: hcr,N>es 
we find their sum by adding the i::i:mera:or^ ar.v; xvAoir^ 'heir 

sum over the common daiominator. thus: r-; '•^ v : ^* i\ ^ 

4+6 + 5^15 
16 16 



(40) When mixed numbers and whole numbers art^ to l>o 
added, add the fractional parts of the mixed numbers sop* 
arately, and if the resulting fraction is an imprv>jHM' frav^li\>n, 
reduce it to a whole or mixed numl>cn Noxl, add all iho 
whole numbers, including the one obtained from Iho adtlitiot^ 
of the fractional parts, and annex to their sum the frai tiot\ 
of the mixed number obtained from reducing; the impro|>er 
fraction. 

42 + 31- + 9— = ? Reducing -- to a fraction having: 
a denominator of 16, we have •- x ,. = tt.* Adding; thn two 

fractional parts of the mixed numbcrB wo have : -|- =a 

10 + 7 ^ 17 ^ . 1 
16 16 16' 

The problem now becomes 42 + 31 + 9 -|- 1 j : =^ ? 

^ Adding all the whole numf;r!r» ftnri \\\p) 

^^ number obtained from nMUw ^h*^ fra/li/znul 

^ I 

1^ parts of the mixed numl;en», w« oUaln HJJ 

83i>| Ans. as their sum. 
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(41) ,9|+50| + 41 + 69l=? |=|^l = if. 

5_ 5X 2_10 12 10 3 _ 12 + 10 + 3 __ 25 _ 9 

8 8X2"" 16' 16 "*■ 16 "^ 16 "" 16 "" 16 "" 16 

9 

The problem now becomes 29 + 50 + 41 + 69 + 1— = ? 

16 

29 square inches. 
50 square inches. 
41 square inches. 
69 square inches. 
1^^ square inches. 



190i^ square inches. Ans. 

/.iox / X 7 ry 3 ^'v.l^ 7X16 112 .^1 . 

(42) (a)^ = 7-^- = 7x-3 =-3- = ^ = 37^. ^"^• 

16 

3 

The line between 7 and r- means that 7 is to be divided 

16 

15 8 

(M 32^15^ 5^15 S^J^Xi- 3 
^^^ 5^ ~ 32 • 8 ^ 82 ^ :§■"■ ^52 X ^ "■ 4* ^^^• 

8 4 

' 4 + 3 7 
(^)^ = l=8^=^- (See Art. 131.) Ans. 

7 

(43) -3 = value of the fraction, and 28 = the numerator. 

o 

We find that 4 multiplied by 7 = 28, so multiplying 8, the 

denominator of the fraction, by 4, we have 32 for the required 

28 7 
denominator, and 575 = -3. Hence, 32 is the required de- 

O/C 8 

nominator. Ans. 

7 7 

(44) (a) ——--=:? When the denominators of f rac- 

16 

tions are not alike it is evident that the units are divided 
into unequal parts ^ therefore, before subtracting, reduce the 
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fractions to fractions having a common denominator. Then, 
subtract the numerators^ and place the remainder over the 
common denominator. 

8 X 2 "■ 16* 16 16 "■ 16 16' ^^* 

7 
{b\ 13 — 77^ = ? This problem may be solved in two 
16 

ways: 

First: 13 = Vl^, since ^ = 1, and 12^ = 12 + J| = 

lb lb lb lb 

12 + 1 = 13. 

12^ We can now subtract the whole numbers sepa- 

7^ rately, and the fractions separately, and obtain 12 — 7 

"TT « .16 7 16-7 9 ^,9 ^9 . 

5A =5andj^-j-^ = .^^ = -. 5 + - = 5~. Ans, 

Second: By reducing both numbers to improper fractions 

having a denominator of 16. 

13 _ 13 X 16 _ 208 7 _ (7 X 16) + 7 _ 112 + 7 _ 

1 1 X 16 16 • 16 16 "" 16 

119 

16' 

^ , , ,. , 208 119 208-119 89 . 
Subtractmg, we have "Jg" — -Jg" = fg = J^ ^^^ 

89 -^vo^/«. ^ the same result that was obtained by the 

oO 

"9 {c\ 312^ - 229^ = ? We first reduce 

— lb oA 

16 the fractions of the two mixed numbers to 

fractions having a common denominator. Doing this we 

9 9x2 18 

have -- = -r —= --. We can now subtract the whole 

lb lb X ^ oA 

numbers and fractions separately, and have 312 — 229 = 83 

.18 5 _ 18 - 5 _ 13 

^32 32" 32 "■32* 

?^ 83 + 11 = 83|. Ans. 
83H 
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(45) The man evidently traveled 85 :^ + 78 :^ + 125 ^ 

miles. 

Adding the fractions separately in this case, 
^^17^^ 3 , 1 7 _ 175 + 252 + 204 _ 631 _ 211 
12"^15"^35""12"^5'^35~ 420 ^420"" 420* 

Adding the whole numbers and the mixed number 85 

representing the sum of the fractions, the sum is 78 

2^^ 17^ miles. Ans. ^ . . . 

420 Ifii 



To find the least common denominator, we have 

5 )12, 5, 35 
7)12, 1, 7 



289fH 



12, 1, 1, or 5X7X12 = 420. 



(46) 573 i tons. i = g 

oi^5 . 5 25 

216 3 tons. - = - 



7 7 

differ ence 357 77: tons. Ans. 77: = difference, 

_ 40 40 

(47) Reducing 9 j to an improper fraction, it becomes 

S'' Tvyr u- 1 • 37, 3 37^3 111 _15 . , ' . 
— . Multiplymg — by -, J X g = -^y = 3 ^ dollars. Ans 

(48) Referring to Arts. 114 and 116, 

— of -r of ~ of — of 11 multiplied by — of - of 45 = 

O 4 11 AAJ O D 

3 

;^ 

^X^x7xl9x;;x7x5x^^ _ 7x19x7x5x3 _ 13,965 

^x4x;;x^Pxlx8x^Xl ~ 4x4x8 128 

4 f, 

1Q 

109^. Ans. 

4 6 

(49) |ofl6 = |x^ = 12. 12-i-| = ^x|=18. Ans. 

(50) 211 T X 1 ft — "aT X -ft' reducing the mixed numbers 
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. ,. 845 15 12,675 

to improper fractions. —:— x -5- = — ^ — cents = amount 

paid for the lead. The number of pounds sold is evidently 

2,535 
12,675 ^o^_mm ^?_^ 2,535 __ 7 

16 

• • • o.. 1 -.^o 'i' 845 2,535 3,380 

amount remammg is 211 ■; — 158 —z = —. h-r— = -^ 

4 16 4 16 16 

2,535 845 ,^13 . * 

16~ = 16"=^^16P^^^^'- ^^'- 

a 

(51) -08 = Ei]g^Af hundredths. 

it 



S is a 



<3 a 2 

•M tM <*« 



13 1 = O;^^ hundred thirty-one thousMndths* 



5 
• «d 

« S § s 

^ •d s ^ 
d 5 o a 

1 = (7;/if tett'thousandth. 

a 

•d 

o5 2 a 2 

^ "d 2 +j "o .s 
g g o g g a 

2 7= Twenty-seven miUlonths^ 

5 "d S 5 

o 5 o a 
0) E .a «> 

■M A 4-* -M 

10 8 = (?;/^ hundred eight ten'thousaadthSs 
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-I 

o a 



9Si.O 1 1 = Ninety-three, and one hundred one tea^tboasatHitbM 

In reading decimals, read the number just as you would i 
there were no ciphers before it. Then count from the decimc 
point towards the right, beginning with tenths, to as man 
places as there are figures, and the name of the last figur 
must be annexed to the previous reading of the figures t 
give the decimal reading. Thus, in the first example above 
the simple reading of the figure is eighty and the name of it 
position in the decimal scale is tiundredttis, so that th 
decimal reading is eight tiundredttis. Similarly, the fig 
ures in the fourth example are ordinarily read twenty-seven 
the name of the position of the figure 7 in the decimal seal 
is millionttis, giving, therefore, the decimal reading a 
twenty-seven millionttis. 

If there should be a whole number before the decima 
point, read it as you would read any whole number, an< 
read the decimal as you would if the whole number wer 
not there; or, read the whole number and then say, **and 
so many hundredths, thousandths, or whatever it may be 
as * * ninety-three, and one hundred one ten thousandths. " 

(52) See Art. 139. 

(53) See Art. 153. 

(54) See Art. 160. 

(55) A fraction is one or more of the equal parts of 
unit, and is expressed by a numerator and a denominator 
while a decimal fraction is a number of tenths^ hundredths 
thousandths^ etc., of a unit, and is expressed by placing 
period (.), called a decimal point, to the left of the figure 
of the number, and omitting the denominator. 

(56) See Art, 165. 
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(57) To reduce the fraction h* ^^ ^ decimal, we annex 

one cipher to the numerator, which makes it 1.0. Dividing 
1.0, the numerator, by 2, the denominator, gives a quotient 
of .5, the decimal point being placed before the one figure 
of the quotient, or .5, since otiIy one cipher was annexed to 
the numerator. Ans. 

7 J5 

8 )7.000 32)5.00000(. 15625 Ans. 

.8 7 5 Ans. 3 2 



Smce.65 = 3^,then,.j^ 160 

must equal .65. Or, when 200 125 

the denominator is 10, 100, ^^c^ 1000 ~'"''^^' ^^^* 

1000, etc., point off as many 

places in the numerator as ^^ 

there are ciphers in the ^^ 

denominator. Doing so, 160 

= .65. Ans. 



100 

(58) {a) This exs^mple, written in the form of a fraction, 
means that the numerator (32.5 + .29 + 1.5) is to be divided 
by the denominator (4.7 + 9). The operation is as follows: 

32.5 + .29 + 1.5 _ 

4.7 + 9 "" 

3 2.5 

+ .29 

+ 1.5 

13.7 ) 3 4.29000 ( 2.5 02 9 Ans. 

^ * ^ Since there are 5 deci- 

^ • 6 8 9 mal places in the dividend 

^•^ 685 and 1 in the divisor, there 

13.7 ^^^ are 5 — 1 or 4 places to 

274 be pointed off in the quo- 

12 6 tient. The fifth figure of 

1233 the decimal is evidently 

2 7 less than 5. 



26 
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{d) Here again the problem is to divide the numerator, 
which is (1.283 X 8 + 5), by the denominator, which is 2.63. 
The operation is as follows: 

1.283 X 8+1 



2.63 



= ? 8 + 5 = 13. 

1.2 83 

X 13_ 

3849 

1283 

2.63)16.679000(6.3418 Ana 

15 78 

899 480 

789 263 



1100 
1052 
480 



2170 
2104 



66 



(c) 



589 + 27 X 163 - 8 _^ 
25 + 39 

589 
+ 27 

eTe 



163 
- 8 

155 
X616 
930 
155 
930 



64)95480.000(1491.875 



25 

+ 89 

64 



64 

314 

256 
588 
576 



Ans. 



There are three deci- 
mal places in the quotient, 
since three ciphers were 
annexed to the dividend. 



120 
64 



560 
512 



480 
448 



320 
320 
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... 40.6 + 7.1 X (3.029-1.874) __ 
^^ 6.27 + 8.53-8.01 " 

40.6 3.0 2 9 

+ 7.1 - 1.8 7 4 

47^ 1.15 5 

X 47.7 

^•^"^ 8 085 

+^a5^ 8 8 5 

14.80 46 2 

— ^8^ 6.79)5 5.0 93500 ( 8.1139. Ans 

6.7 9 543 2 



945 

679 



773 
6 decimal places in g iv g 

the dividend — 2 deci- 
mal places in the divi- 
sor = 4 decimal places 
to be pointed off in 2 6 60 

the quotient. 2037 

6230 
6111 



119 



(59) .875 = ^^ = l^ = ]ofafoot. 

1 foot = 12 inches. 

3 

■g of 1 foot = -^ X ^ = "o" = 1% inches. Ans 

2 

(60) 12 inches = 1 foot. 

Yg of an inch = Tg"^12 = ^X^ = g2^^^ ^^^^• 

4 
Point off 6 decimal places in the quotient, since we 
annexed six ciphers to the dividend, the divisor con- 
taining no decimal places; hence, 6 — 0=G places to be 
pointed oflE. 

C. Vol VL—s. 



k* ■ - 






%• 



'^'/y 



/ '. 



s - 



L Il'lC 



^. '", / 



vr t:- V^ 






• f f f t f 



'^ "/ ' y ■' ' w,',.j/; /,/ V/al :4t a prof.c: tl.<55 per ton, 

' " ' ♦ ''' J'/, *^' ^ */.' /' f/* .^,t, \^, a-: mar.v t:ns of coal is 
'' ' "' " ■ \ *f*f f ■■ t ',h\tnh*A Utttt-M in 'M',/6(), or 22 tons. 

MW/ ; ',S /'/ ;j ( •/« 2 ton», Ans, 
a \S 

IHIO 
M II 
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(63) 231 ) 17892.00000 ( 7 7.45 4 5 4, or 77.4545 to 

1617 four decimal places. Ans. 

1722 
1617 



1050 
924 



1260 
1155 

1050 
924 

1260 
1155 

1050 

87.13 ? .0952 
.ft^x H'^? X ^ X ^.m? X 19 X 19 X 350 _ 
^^^ ^,m X ;j2 X ^ 

1,000 ? 

37.13 X .0952 X 19 X 19 X 350 _ 446,618.947600 _ 

1,000 "" 1,000 " 

446.619 to three decimal places. Ans. 

37.13 19 361 3.534776 

.0952 - 19 350 126350 



7426 171 18050 176738800 

18566 19 1083 10604328 

33417 ^^ 126350 21208656 



3.584776 



7069552 
3534776 

446618.947600 



(65) See Art. 174. Applying rule in Art. 175, 

{a) .7928X^=-^^^ = |^. Ans. 

fL^ ^A^o 32 4.5312 5 . 
{b) .1416X3^ = -^^=3^. ^^^• 

/x .«.ni«v>16 7.6664 8 1 . 
(c) .47915 Xj^=-^^ = j-g=^. Ans. 



so ARITHMETIC. 

(66) In subtraction of decimals, /^\ 709 63 00 
^lace the decimal points directly 8 514 

under each other ^ and proceed as in 

the subtraction of whole numbers, 70 8.7 7 86 Ans. 

placing the decimal point in the remainder directly under 
the decimal points above. 

In the above example we proceed as follows: We can not 
subtract 4 ten-thousandths from ten-thousandths, and, as 
there are no thousandths, we take 1 hundredth from the three 
hundredths. 1 hundredth = 10 tlwusandths = 100 ten-thou- 
sandths. 4 ten-thousandths from 100 ten-thousandths leaves 
96 ten -thousandths. 96 ten-thousandths = 9 thousandtlis + 6 
ten-thousandths. Write the 6 ten-thousandths in the ten- 
thousandths place in the remainder. The next figure in the 
subtrahend is 1 thousandth. This must be subtracted from 
the 9 thousandths which is a part of the 1 hundredth taken 
previously from the 3 hundredths. Subtracting, we havel 
thousandth from 9 thousandths leaves 8 thousandths, the 8 
being written in its place in the remainder. Next we have 
to subtract 5 hundredths from 2 hundredths (1 hundredth 
having been taken from the 3 hundredths makes it but 2 
hundredths now). Since we can not do this, we take 1 tenth 
from 6 tenths. 1 tenth ( = 10 hundredths) + ^ hundredths 
= 12 hundredths. 5 hundredths from 12 hundredths leaves 
7 hundredths. Write the 7 in the hundredths place in the 
remainder. Next we have to subtract 8 tenths from 5 tenths 
(5 tenths now, because 1 tenth was taken from the 6 tenths). 
Since this can not be done, we take 1 unit from the 9 units. 
1 unit = 10 tenths ; 10 tenths + 5 tenths = 15 tenths, and 8 
tenths from 15 tenths leaves 7 tenths. Write the 7 in the 
tenths place in the remainder. In the minuend we now have 
708 units (one unit having been taken away) and units in the 
subtrahend. units from 708 units leaves 708 units ; hence, 
we write 708 in the remainder. 

{b) 81.9 6 3 (c) 18.00 {d) 1.000 

1.700 .18 .001 



8 0.2 6 3 Ans. 17.8 2 Ans. .9 9 9 Ans. 
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(e) 872. 1 - (. 8721 + . 008) = ? In this prob- 
lem we are to subtract (.8721 + .008) from •^''^1 

0ft 

872.1. First perform the operation as indi- -^ - ^ 
cated by the sign between the decimals .SSOl sum. 
enclosed by the parenthesis. 

Subtracting the sum (obtained by adding the decimals 

8 7 2 10 enclosed within the parenthesis) from 

o g Q 2 the number 872. 1 (as required by the 

minus sign before the parenthesis), 

8 7 1.2 1 9 9 Ans. ^^ obtain the required remainder. 

(/) (5. 028 + . 0073) - (6. 704 - 2. 38) = ? First perform 
the operations as indicated by the signs be- 

tween the numbers enclosed by the paren- *^'^^o\j 

7^ 
theses. The first parenthesis shows that '^ * 

5.028 and .0073 are to be added. This 5.03 5 3 sum. 

gives 5.0353 as their sum. 

"• * ^ The second parenthesis shows that 

^'^^^ 2.38 is to be subtracted from 6.704. 

4. 3 2 4 difference. The difference is found to be 4. 324. 

The sign between the parentheses indicates that the 

g Q o g g quantities obtained by performing 

^224 ^^ above operations, are to be sub- 

— tracted, namely, that 4.324 is to be 

.7113 Ans. subtracted from 5.0353. Perform- 

ing this operation we obtain .7113 as the final result. 

• 

(67) In subtracting a decimal from a fraction, or sub- 
tracting a fraction from a decimal, either reduce the fraction 
to a decimal before subtracting, or reduce the decimal to a 
fraction and then subtract. 

7 7 

(a) ^ — .807 = ? 5" reduced to a decimal becomes 

• o o 

7 
8 )7.000 

.875 



.875 
.807 
G 8 Ans. 



Subtracting .807 from .875 the re- 
mainder is .068, as shown 
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3 

{6) .875 — g = ? Reducing .875 to a fraction we have 

875— iZL-li5-35_7. 7 3_7-3_4 1 

Or, by reducing g to a decimal, g\3 qoo ^^^ ^^^^ ^^^" 

.375 

tracting, we obtain .875 - .375 = .5 = :j^ = -8 7 5 
^ ^^ .375 

— , the same answer as above. ^qq j^ 

{c) ^A+.435)-(^-.07) = ? We first perform the 

operations as indicated by the signs between the numbers 

5 
enclosed by the parentheses. Reduce — to a decimal and 

5 *^^ 

we obtain 5^= .15625 (see example 57). 

Adding .15625 and .435, .15 625 ^= .21 ; subtracting, .2 1 

sum .59125 difference .14 

We are now prepared to perform the .5 9125 
operation indicated by the minus sign be- -14 
tween the parentheses, which is, difference .45125 Ans. 

(^/) This problem means that 33 millionths and 17 thou- 
sandths are to be added. Also, that 53 hundredths and 
274 thousandths are to be added, and the smaller of these 
sums is it) be subtracted from the larger sum. Thus, 
(.53 -f .270 - (.000033 + .017) = ? 

I 

•a 

i\ 

I il a il J it .804 larger sum. 



? w S \ n iJ u n S 



.017033 smaller sum. 



mm ill '^'•-•' •'««»«' ^ 

.0 a H .A a 



.^17 ow 

.0 17 6 a a iHm. M {\ A9hri 
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(68) In addition of decimals the .12 5 
decimal points must be placed directly .7 
under each other ^ so that tenths will .0 8 9 
come under tenths^ hundredths under .400 5 
hundredths y thousandths under thou- .9 
sandths, etc. The addition is then .00 02 7 
performed as in whole numbers, the 2 214527 Ans 
decimal point of the sum being placed 

directly under the decimal points above. 

to 

A 
*•* 

CO g 

(69) 927.416 (70) «|||^ 

372.6 1^1 5^1 

62.07938 8 §5 g S^ 

1870.36938 Ana. 017 

•2 

.000047 



.217047 = Ans. 

(71) (a) There are 3 decimal places in the multi- 

.10 7 plicand and 3 in the multiplier ; hence, 

.013 there are 3 + 3 or 6 decimal places in 

Qoi the product. Since the product con- 

■j^ Q IV tains but four figures, we prefix two 

ciphers in order to obtain the neces- 

.001391 Ans. ^^^y gj^ decimal places. 

{b) 2 3 There are two decimal places in the 

2.0 3 multiplier and none in the multipli- 

TWq cand ; hence, there are 2 + or two 

AQan decimal places in the first product. 

Since there are 2 decimal places in 

412.09 |.j^g multiplicand and 3 decimal places 

O rv Q *■ * 

*^ ^^ in the multiplier, there are 3 + 2 or 5 

12 3 6 2 7 decimal places in the second product. 
824180 

8 3.6 5 42 7 Ans. 
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(c) First perform the operations indicated by the signs 
between the numbers enclosed by the parenthesis, and then 
perform whatever may be required by the sign before the 
parenthesis. 

Multiply together the numbers 2.7 3 1.8 5 

and 31.85. 2.7 

The parenthesis shows that .316 is 22295 

to be taken from 3.16. 3. 1 6 6 3 7 

.316 

8 5.9 9 5 

2.8 4 4 

The product obtained by the first 
operation is now multiplied by the 8 5.9 9 5 

remainder obtained by performing 2.8 4 4 

the operation indicated by the signs 
within the parenthesis. q 4. <^ q « 

687960 
171990 



244.569780 Ans. 



(d) (107.8 + 6.541 - 31.96) X 1.742 = ? 

10 7.8 
+ 6.541 

114.341 
— 31.96 



8 2.3 81 
X 1.742 

164762 
329524 
576667 
82381 



14 3.507 7 02 Ans. 



(72) {a) (l-.13)x. 625 + 1=? 

First perform the operation indicated by the parenthesis. 



ARITHMETIC. 35 

16 16 ) 7.0 (.4 3 7 5 We point off four decimal 

6 4 places since we annexed four 

"~^ ciphers. 

48 



120 
112 



80 




80 






.4376 




.13 



Subtracting, we obtain .3075 

The vinculum has the same meaning as the parenthesis ; 

5 __ 5 hence, we perform the operation indicated 

g "" 8 ) 5.0 by it. We point off three decimal places, 
.6 2 5 since three ciphers were annexed to the 6. 

Adding the terms in- -6 25 
eluded by the vinculum, .6 2 5 
we obtain 1.2 5 

The final operation is to perform the work indicated by 
the sign between the parenthesis and the vinculum, thus, 

.3075 
1.2 5 



15375 
6150 
3075 









.384375 


Ans. 










(*) 


(- 
V32 


X .21^ - (. 


02 X 


16/ 


? 










.21 = 


21 
100" 


19 21 _ 

32" 100 : 


399 
3200" 


.02= 


2 

■ 100' 


2 

IOC 


)^1Q- 


6 

■ a 

1000 


_ 3 

800' 


3 


3 


X 4 12 




399 


12 




399- 


12 


387 


800 


" 800 X 4 ~ 320C 


1- 


3200 


3200 




320C 


) 


3200 
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387 
Reducing to a decimal, we obtain 

387 



3200) 3 8 7.0000000 ( .12 09375 Ans. 
3200 



6700 
6400 



30000 

2 8 8 00 Point off seven decimal 

■1^2000 places, since seven ciphers 



9600 

24000 
22400 

16000 
16000 



were annexed to the divi« 
dend. 



ic) (^ + .013-2.1?) Xl4 -7^=?- 

13 _ 13 Point off two decimal 3,25 

4 "~" 4 ) 13.0 places, since two ciphers _|- .013 

3.2 5 were annexed to the divi- 771777 

5 ^^"^- -2.17 

-r reduced to a decimal is .3125, since TTTT 

16 1.0 9 o 

j5 

16)5.0000(.3125 Point off four decimal 

4 8 places, since four ciphers 

2 were annexed to the 

1 6 dividend. 

40 
32 

80 
80 

Then, 7:^ = 7.3125, and 13^ = 13.25, since r = T^^ .^r. 
16 4 4 4) 1.00 

■"725 
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13.2 5 6.937 5 

- 7.3125 X 1.093 ' 

5.9 375 178125 

534375 
593750 
6.4896875 Ans. 

(73) (a) .875 -^ i =.875 -4-.5 (since ^=,o\ = 1.75. Ans. 

Another way of solving this is to reduce .875 to its equivalent 
common fraction and then divide. 

7 875 175 35 7 7 

.875 = ^, since .875 = ^^ = — = - = -; then, ^ ^ 

2 ~? ^I""?""-^!- ^^^^^ 4 "^4) 3.0 (.7 5, ^l-^'^^* 
^ 28 



the same answer- as above. 2 

20 

<*) 8-^-^ = 8^2r^^^^-^ = 2J=?><l=4=^4'^" 

1.75. Ans. 4 

7 
This can also be solved by reducing — to its equivalent 

o 

7 
decimal and dividing by .5;— = .875; .875 -^ .5 = 1.75. 

o 

Since there are three decimal places in the dividend and one 
in the divisor, there are 3 — 1, or 2 decimal places in the 
quotient. 

. V .375 X i __ ^ We shall solve this problem by first 
^ ^ -j*^ — .125 ~ reducing the decimals to their equiva- 

lent common fractions. 
375 75 15 3 3^ 1 3 ^, , ^ 
•^^^ = i;000 = 200 = 40 = 8- 8^4 = 32'^^ the value of 

the numerator of the fraction. 

•■^^^"r000"200~8' ^^^^^^^S: g to sixteenths, we 
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nominator of the fraction. The problem is now reduced to 

1 1 

32_32_3^3_^I0_1 , . 

j-i 3^ - 32 • 16 - ^^ ^ ^ - 2 °'" * 

16 16 2 

. . 1.25 X 20 X 3 _ In this problem 1.25 X 20 X 

' 87 + (11 X 8) ~ 3 constitutes the numerator of 
459 + 32 the complex fraction. 

1.2 5 Multiplying the factors of the numerator 
y 2 together, we find their product to be 76. 

2 5.00 
X_3 

75 

87 4- f 11 y 8^ 
The fraction — 71^; ■ nc^ constitutes the denominator of 

459 + ^^'^ 

the complex fraction. The value of the numerator of this 
fraction equals 87 + 88 = 175. 

The numerator is combined as though it were written 
87 + (11 X 8), and its result is 

11 

8 times 

88 

+ 87 

175 

The value of the denominator of this fraction is equal to 

459 + 32 = 491. The problem then becomes 

3 
75_75 l75_75^491_;jSx491_l,4T3_^^^3 . 
ff5"T"^49l"T><l75- 0^ --y--^10^. Ans. 

491 7 

(75) 1 plus .001 = 1.001. .01 plus .000001 = .010001. 
And 1.001 -.010001 = 

1.001 
.010001 



.990999 Ans. 



ARITHMETIC. 

(QUESTIONS 76-167.) 



(76) A certain per cent, of a number means so many 
hundredths of that number. 

25^ of 8,428 lb. means 25 hundredths of 8,428 lb. Hence, 
25^ of 8,428 lb. = .25 X 8,428 lb. = 2,107 lb. Ans. 

(77) Here $100 is the base and Ij^ = .01 is the rate. 
Then, .01 X 1100 = II. Ans. 

(78) ^^ means one-half of one per cent. Since 1^ is 

.01, )r^ is .005, for, ^ Il£12.. And .005 X $35,000 = $175. 
^ -005 Ans. 

(79) Here 50 is the base, 2 is the percentage, and it is 
required to find the rate. Applying rule. Art. 193, 

rate = percentage -t- base ; 

rate = 2 —• 50 = . 04 or 4^. Ans. 

(80) By Art. 193, rate = percentage ~ base.* 

As percentage = 10 and base = 10, we have rate = 10 
^ 10 = 1 = 100^. Hence, 10 is 100^ of 10. Ans. 

(81) {a) Rate = percentage -h by base. Art. 193. 
As percentage = $176.54 and base = $2,522, we have 

rate = 176.54 -r- 2,522 = .07 = 7^. Ans. 

2 5 2 2 ) 176.5 4 

.07 



* Remember that an expression of this form means that the first 
term is to be divided by the second term. Thus, as above, it means 
percentage divided by base. 

For notice of the copyright, see page immediately following the title page. 



iO ARITHMETIC. 

(b) Base = percentage -=- rate. Art. 1 92. 

As percentage =16.96 and rate = 8ji = .08, we have 

base = 16.96 -r- .08 = 212. Ans. 

.08 ) 1&96 
212 

(c) Amount is the sum of the base and percentage; hence, 
the percentage = amount minus the base. 

Amount = 216. 7025 and base = 213. 5 ; hence, percentage = 
216.7025 - 213.5 = 3.2025. 

Rate = percentage -r- base. Art. 1 93. 

Therefore, rate = 3.2025 -4- 213.5 = .015 = 1^. Ans. 

213.5) 3.2025 (.015 = 11^ 
2135 



10675 
10G75 



(d) The difference is the remainder found by subtracting 
the percentage from the base ; hence, base — the differ- 
ence = the percentage. Base = 207 and difference =201.825, 
hence percentage = 207 — 201.825 = 5.175. 

Rate = percentage -t- base. Art. 1 93. 

Therefore, rate = 5. 175 -4- 207 = . 025 = . 02-^ = 2^^. Ans. 

207 ) 5.175 ( .025 
4 14 



1035 
1035 



(82) In this problem $5,500 is the amount, since it 
equals what he paid for the farm + what he gained; 
15^ is the rate, and the cost (to be found) is the base. 
Applying rule, Art. 197, 

base = amount -— (1 + rate) ; hence, 

base = $5, 500 -r- (1 + . 16) = *4, 782. 61. Ans. 
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1.16)5 500.0000(4782.61 
460 



900 
805 



950 
920 



300 
230 



700 
690 



100 
115 



The example can also be solved as follows : lOOj^ = cost ; if he 
gained 15j^, then 100+ 15 = 115ji = 15,500, the selling price. 

If 115j^ = 15,500, l?f = 1J5 of *5,500 = 147.8261, and 100^, 
or the cost, = 100 X $47.8261 = $4,782.61. Ans. 

(83) 24 i of $950 = .24 X 950 = $228 

12-^^ of $950 = .125 X 950 = 118.75 
17 ^ of $950 = .17 X 950 = 161.50 

53^^ of $950 = $508.25 

The total amount of his yearly expenses, then, is $508.25, 
hence his savings are $950 — $508.25 = $441.75. Ans. 

Or, as above, 24j< + 12 ^^ + 17^ = 53^^, the total per- 
centage of expenditures; hence, 100^ — ^^-^ = 46^^ = per 

At Ai 

cent, saved. And $950 X .465 = $441.75 = his yearly sav- 
ings. Ans. 

(84) The percentage is 961. 38, and the rate is.37 ^. By 

Art. 192, 

Base = percentage -r- rate 

= 961.38 -7- .375 = 2,563.68, the number. Ans. 
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. f iIm |'rc;j>crty, one of tbe f ourtbs k - 
■ 1 • I ! I ir crn tire property, is 4 x 11/250 



i^mi 11. .. t«» :mi« I ' Ml. .hflrirnoc and 35^^ the rate. By 

1 1 « > > 1 1 1 1 > I « 1 1 . t ^1 1 .4 ( (' I 

in :><»» y\ \.y\ 1^4, SIO'J'. 05 = $7,400. Ans. 



» ^ ^ 

.\ O x^ 



S^^ 



1,00 
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S5ll = $4,810, l% = ^oi 4,810 = $74, and 100)1 = 100 X 

= $7,400. Ans. 

7) In this example the sales on Monday amounted to 

55, which was 12— ji of the sales for the entire week ; 

we have given the percentage, $197.55, and the rate, 

, and the required number (or the amount of sales for 

reek) equals the base. By Art. 1929 

Base*= percentage -i- rate = $197.55 -r- .125; 

)r, .125)197.5500(1580.4 Ans. 

125 



725 
625 



1005 
1000 



500 
500 

lerefore, base = $1,580.40, which also equals the sales 
lie week. 

8) 16.5 miles = 12^^ of the entire length of the road, 
v^ish to find the entire length. 

5 miles is the percentage, 12^^ is the rate, and the en- 
length will be the base. By Art. 192, 

Base = percentage -^ rate = 16.5 -r- .12^. 

At 

.125)16.500(132 miles. Ans. 
125 



400 
3 75 



250 
250 



C. Vol. VL-^4. 
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(Hi^) Here wc have given the diflference, or t35, and the 
^*le, or f;0^, to find the base. We use the rule in Art. I989 
Base = difference -f- (1 — rate) 

= »35-T-(l-.60) = $35-f-.40 = $87.a). AnsL 
.40)35.000(87.5 
320 

300 
280 



200 
200 



C)r, 1 Wji 1= whole debt ; 100^ - 60^ = 40^^ = $35. 



1 35 

If 40^ r^ *;J5, then 1^ = 7^ of $35 = — , and 100j< = 



zr- 



^jV 100 :$87.50. Ans. 

(Mt) %H Yi\. 4 yd. 2 ft. 10 in. to inches. 

/ r4 

1 ;j ^ Since there are 5|- yards in 

I ^ one rod, in 28 rods there are 

28 X 5^ or 154 yards; 154 yards 
1 r> H yards pj^g 4 y^rds = 158 yards. There 

^' '\ are 3 feet in one yard; there- 

4 7 4 fore, in 158 yards there are 

4^ 2 3 X 158 or 474 feet; 474 feet + 

'4 7 ^'j f^et ^ ^^^^ = ^^^ ^^^^- "^^^^^ are 

^12 1^ inches in one foot, and in 

- - • 476 feet there are 12 X 476 or 

^''^ ^'^ 5,712 inches; 5,712 inches + 10 

+ . ^} inches = 5, 722 inches. Ans. 

5 7 2 2 inches. Ans. 

(91) 12 ) 5 7 2 2 inches. 

3 ) 470 + 10 inches. 

5i- ) 158 + 2 feet. 

2 8 + 4 yards. 
Ans. = 28 rd. 4 yd. 2 ft. 10 in. 
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Explanation. — ^There are 12 inches in 1 foot ; hence, in 
5,722 inches there are as many feet as 12 is contained times 
in 5,722 inches, or 476 ft. and 10 inches remaining. Write 
these 10 inches as a remainder. There are 3 feet in 1 yard ; 
hence, in 476 feet there are as many yards as 3 is contained 
times in 476 feet, or 158 yards and 2 feet remaining. There 

are 5-^ yards in one rod; hence, in 158 yards there are 28 rods 

and 4 yards remaining. Then, in 5,722 inches there are 
28 rd. 4 yd. 2 ft. 10 in. 

(92) 5 weeks 3.5 days. 

3 5 days in 5 weeks. 
+ 3.5 

3 8. 5 days. 

Then, we find how many seconds there are in 38. 5 days. 

38.5 days 
X 24 hours in one day. 

1540 
770 



924.0 hours in 38.5 days. 
X 6 minutes in one hour. 

5 5 440 minutes in 38. 5 days. 
X 6 seconds in one minute. 



3 3 2 6 400 seconds in 38. 5 days. Ans. 

(93) Since there are 24 gr. in 1 pwt., in 13,750 gr. there 
are as many pennyweights as 24 is contained times in 
13,750, or 572 pwt. and 22 gr. remaining. Since there are 
20 pwt. in 1 oz., in 572 pwt. there are as many ounces as 
20 is contained times in 572, or 28 oz. and 12 pwt. remaining. 

Since there are 12 oz. in 1 lb. (Troy), in 28 oz. there are 
as many pounds as 12 is contained times in 28, or 2 lb. and 
4 oz. remaining. We now have the pounds and ounces 
required by the problem; therefore, in 13,750 gr. there are 
2 lb. 4 oz. 12 pwt. 22 gr. 
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Explanation. — ^We begin to add at the right-hand col- 
umn. 7 + 9 + 3 = 19 in. •, as 12 in. make one foot, 19 in. = 
1 ft. and 7 in. Place the 7 ia in the inches column, and 
reserve the 1 ft. to add to the next column. 

1 (reserved) + 2 -f 1 -f 2 = 6 ft. Since 3 ft. make 1 yard, 
6 ft. = 2 yd. and ft. remaining. Place the cipher in the 
column of feet and reserve the 2 yd. for the next column. 

2 (reserved) + 4 -|- 2 = 8 yd. Since 5— yd. = 1 rod, 8 yd. = 

1 rd. and 2— yd. Place 2— yd. in the yards column, and 

reserve 1 rd. for the next column ; 1 (reserved) + 2 = 3 rd. 

Ans. = 3 rd. 2^ yd. ft. 7 in. 

or, 3 rd. 2 yd. 1 ft. 13 in. 

or, 3 rd. 2 yd. 2 ft. 1 in. Ans. 

(07) We write the compound numbers so that the units 
of the same denomination shall stand in the same column. 
Beginning to add with the lowest denomination, we find that 

the sum of the gills is 1 + 2 + 
3 = 6. Since there are 4 gi. in 

1 pint, in 6 gi. there are as many 
pints as 4 is contained times in 
6, or 1 pt. and 2 gi. We place 

2 gi. under the gills column 
16 gal. 3 qt. pt. 2 gi. and reserve the 1 pt. for the 

pints column; the sum of the 
pints is 1 (reserved) -+-5-f-l + l = 8. Since there are 2 pt. 
in 1 quart, in 8 pt. there are as many quarts as 2 is con- 
tained times in 8, or 4 qt. and pt. We place the cipher 
under the column of pints and reserve the 4 for the quarts 
column. The sum of the quarts is 4 (reserved) + 8 + 3 = 15. 
Since there are 4 qt. in 1 gallon, in 15 qt. there are as many 
gallons as 4 is contained times in 15, or 3 gal. and 3 qt. re- 
maining. We now place the 3 under the quarts column 
and reserve the 3 gal. for the gallons column. The sum of 
the gallons column is 3 (reserved) + 4 + 6 + 3 = 16 gal. 
Since we can not reduce 16 gal. to any higher denomination, 
we have 16 gal. 3 qt. pt. and 2 gi. for the answer. 



gaL 


qt. 


pt. 


gi. 


3 


3 


1 


3 


6 





1 


2 


4 








1 




8 


5 
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contained times in 323 square chains, or 32 acres and 3 square 
chains remaining. Place 3 square chains under the column 
of square chains, and reserve the 32 acres to add to the col- 
umn of acres. The sum of the acres is 32 acres (reserved) + 
46 + 25 + 56+47 + 28 + 21, or 255 acres. Place 255 
acres under the column of acres. Therefore, the sum is 
255 A. 3 sq. ch. 14 sq. rd. 122 sq. IL Ans. 

(102) BefcM-e we can subtract 300 ft. from 20 rd. 2 
yd, 2 ft. and 9 in., we must reduce the 300 ft, to higher 
denominations. 

Since there are 3 feet in 1 yard, in 300 feet there are 
as many yards as 3 is contained times in 300, or 100 yards. 

There zte ^ yards in 1 rod, hence in 100 yards there are as 

1 11 2 

manr rods as 52- or -r^ is contained times in 100 = 18^ rods. 
'' z 2 11 

100-S- J -IWX j^- j^ ll)200(18^rd. 

11 " 



90 
88 



1 11 2 

Since there are % ^r — yards in 1 rod, in -r rods there 

arc 71 X ^, or one yard, so we find that 300 feet equals 

18 rrxls and 1 yard. The problem now is as follows: From 
20 rd, 2 yd, 2 ft, and 9 in. take 18 rd. and 1 yd. 

We place the smaller number under the larger one, so 
that units of the same denomination fall in the same 

column. Beginning with the lowest 
rd. yd. ft. in. denomination, we see that inches 
20 2 2 9 from 9 inches leaves 9 inches. Going 
18 1 to the next higher denomination, we 
"2 1 2 9 ^^^ \)[i2X feet from 2 feet leaves 

2 feet. Subtracting 1 yard from 2 
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yards, we have 1 yard remaining, and 18 rods from 20 rods 
leaves 2 rods. Therefore, the difference is 2 rd. 1 yd. 2 ft. 
9 in. Ans. 

(103) A. sq. rd. sq. yd. 

114 80 25 

76 70 30 



39 ^ 9 25i Ans. 

* 

Explanation. — Place the subtrahend under the minuend 
so that like denominations are under each other. Then 
begin at the right with the lowest denomination. We 
can not subtract 30 from 25, so we take one square rod 

(= SOj square yards) from 80 square rods, leaving 79 square 
rods ; adding 30j square yards to 25 square yards, we have 
66-T- square yards; subtracting 30 from 55 j square yards 

leaves 25 j- square yards; we now subtract 70 square rods 

from 79 square rods, which leaves 9 square rods; next, we 
subtract 75 acres from 114 acres, which leaves 39 acres, 
which we place under the column of acres. 

(104) If 10 gaL 2 qt. and 1 pt. of molasses are sold 
from a hogshead at one time, and 26 gal. 3 qt. are sold at 
another time, then the total amount of molasses sold equals 
10 gal. 2 qt. 1 pt. plus 26 gal. 3 qt. 

Since the pint is the lowest denomination, we add the 
pints first, which equal + 1> or 1 pint. We can not reduce 

1 pint to any higher denomina- 
tion, so we place it under the 
pint column. The number of 
quarts is 3 + 2, or 5. Since 
37 gal. 1 qt. 1 pt. there are 4 quarts in 1 gallon, 

in 5 quarts there are as many 
gallons as 4 is contained times in 5, or 1 gallon and 
1 quart remaining. We place the 1 quart under the quart 
column, and reserve the 1 gallon to add to the column of 



gal. 


qt. 


pt. 


10 


2 


1 


26 


3 
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(108) In multiplication of denominate numbers, we 

place the multiplier under the lowest denomination of the 

multiplicand, as 

17 ft. 3 in. 

51 

879 ft. 9 in. 

and begin at the right to multiply. 51 X 3 = 153 in. As 
there are 12 inches in 1 foot, in 153 in. there are as many 
feet as 12 is contained times in 153, or 12 feet and 9 inches 
remaining. Place the 9 inches under the inches, and reserve 
the 12 feet. 51 X 17 ft. = 867 ft. 867 ft. + 12 ft. (leservedi 
= 879 ft. 

879 feet can be reduced to higher denominations by divi- 
ding by 3 feet to find the number of yards, and by 5 — yards 

to find the number of rods. 

3 )879 ft. 9 in. 
5. 5 )29 3 yd. 

5 3 rd. 1^ yd. 

Then, answer = 53 rd. 1^ yd. ft. 9 in. ; or 53 rd. 1 yd. 2 
ft. 3 in. 

« 

(109) qt. pt. gi. 

3 13 

4.7 



18.2qt. .1 

or, 1 8 qt. pt. 1.7 gi. 

or, 4 gal. 2 qt. Opt. 1.7 gi. Ans. 

Place the multiplier under the lowest denomination of the 
multiplicand, and proceed to multiply. 4. 7 X 3 gi. = 14. 1 gi. 
As 4 gi. = 1 pt. , there are as many pints in 14. 1 gi. as 4 is 
contained times in 14.1 = 3.5 pt. and .1 gi. over. Place .1 
under gills and carry the 3.5 pt. forward. 4.7 X 1 pt. = 4.7 
pt. ; 4.7 + 3.5 pt. = 8.2 pt. As 2 pt. = 1 qt., there are as 
many quarts in 8.2 pt. as 2 is contained times in 8.2 = 4.1 
qt. and no pints over. Place a cipher under the pints, and 
carry the 4.1 qt. to the next product. 4.7 X 3 qt. = 14.1; 
14.1 +4.1 = 18.2 qt. The answer now is 18.2 qt, pt. .1 
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gi. Reducing the fractional part of a quart, we have 18 qt. 
pt. 1.7 gi. (.2 qt. = .2 X 8 = 1.6 gi. ; 1.6 + .1 gi. = 1.7 gi.). 
Then, we can reduce 18 qt. to gallons (18 -r- 4 = 4 gal. and 
2 qt.) = 4 gal. 2 qt. 1.7 gi. Ans. 

The answer may be obtained in another and much easier 
way by reducing all to gills, multiplying by 4. 7, and then 
changing back to quarts and pints. Thus, 

3 qt. 
X 2 pt. 3 qt. 1 pt. 3 gi. = 31 gi. 



6pt. 


31 gi. X 4.7 = 145.7 gi. 


+ Ipt. 


4)145.7 gi. 


7pt. 
X 4gi. 


2)3 6 pt. +1.7gi. 
18 qt. + pt. 


28 gi. 
+ 3gi. 

31 gi. 


Ans. — 18 qt. 1.7 gi. ; 
or, 4 gal. 2 qt. 1.7 gi. 


(IIO) (31b. lOoz. 


13 pwt. 12 gr.) X 1.5- ? 




3 lb. 10 oz. 13 pwt. 1 2 gr. 
X12 




3 6 oz. 
+ 10 




4 6 oz. 




X 20 


• 


9 2 pwt. 
+ 13 




9 3 3 pwt. 
X 24 




2 2 3 9 2 gr. 

+ 12 



2 2 404 gr. 

22.404 gr. X 1.5 = 33,606 gr. 

24 ) 3 3 6 6 gr. 
20 )1400 pwt. + 6 gr 
12)70 oz. +0 pwt. 
5 lb. + 10 oz. 
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^•'i^A ♦".irr*: i,^* i4 i;' :.' I pTr:. bz, 33. •fO^ ^. t hrre arc 

x\ r'A, i-- ;if -r' X* r.'-.ir r*^"r:#t I.-tX* p-»T. to Ligl i ti fienoia- 
;^u*:»vr/t '-/'^-: try^-: ir* t*> pTTt. ir* 1 oz,. in Ip4>» p»t- 
V^jr^ ir^ i I z:^jr,f vjn^-iw a.% 5»> « contained tmes in 1.-IC0, 
^^ 'V "^ k,:A h yw*„ r-^rmainin^; therefore, there are pwt. 
;?*. *r^ i5Fr^ir^,r, W^ r^A'VJi TO oz. to hig^her cfenominatioiis^ 
^A?y>j *:yf7t^, ar^ I^ oz, in 1 lb., in TO oz. there are as 
ff^f.y yMiAx a^ 12 iH '^//fitained times in TO, or 5 lb. 
mA [h o7,. r^,rri2iiniu{^. We can not reduce 5 lb. to any 
hi^y^^'^ A^,uo(fi\u^t\orv<K. Therefore, oar answer is 5 Ih. 10 ox. 

Ari/'/th^r hut more f:rjmp\icated way of working this 
\fth\Af,u\ \% a* follows : 

To get rid of the decimal 
in the pounds, reduce .5 of a 
pound to otmces. Since 
1 lb. = 12 oz., .5 of a poimd 
equals .5 lb. X 12 = 6 oz. 
6 oz. + 15 oz. = 21 oz. We 
now have 4 lb. 21 oz. 19.5 pwt. 
and 18 gr. , but we still have a 
rlr'/imiil in the cohmin of pwt., so we reduce .5 pwt. to grains 
to j(ot rid of it. Since 1 pwt. =24 gr., .5 pwt. =.5 pwt 
/ '/i'l 12 j^r. 12 gr. -)- 18 gr. = ;J0 gr. We now have 4 
Ih. 21 o/.. ID pwt. and IJO gr. Since there are24gr. in 1 pwt., 
ill JIO ^w tlirrc is I pwt. and gr. remaining. Place 6 gr. 
mulrr the* <'olnnin of grains and add 1 pwt. to the pwt. 
cohnnn. Adding I pwt., we have 19 + 1 = 20 pwt. Since 
Www WW *^() pwt. in I oz., we have 1 oz. and pwt. remain- 
In^;. Writn the pwt. under the pwt. column, and reserve 
Ihr I o/.. to thr o/.. column. 21 oz. + 1 oz. = 22 oz. Since 
tlu'ir art* Pi oz. ill I 11)., in 22 oz. there is 1 lb. and 10 oz. 
I cm. lining. Write the 10 oz. under the ounce column, and 
rt^m-ivt* the I 11>. to add to the lb. column. 4 Ih. -|- 1 lb. 
(rt^MtM'vtMl) T) ll>. Hence, the answer equals 5 Ibn 10 oz. 



Ih. 


f/Z. 


pwt. 


«»-' 


% 


10 


irj 


1 2 
1.5 


4J, 


\r, 


1 i). r, 


1 8 


or, 4 


2 1 


10 


;jo 


<ir, r» 


10 





ff Ans. 



bu. 
2 


pk. 
3 


qt. 
6 

9 


18 


27 


54 


or, 2 6 


1 


6 
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(111) If each barrel of apples contains 2 bu. 3 pk. and 

6 qt., then 9 bbl. will contain 9 X (2 bu. 3 pk. 6 qt.). 

We write the multiplier under the lowest denomination of 
the multiplicand, which is quarts in this problem. 9 times 

G qt. equals 54 qt. There are 8 qt. in 1 
pk. , and in 54 qt. there are as many pecks 
as 8 is contained times in 54, or 6 pk. and 
6 qt. We write the 6 qt. under the col- 
umn of quarts, and reserve the 6 pk. to 
add to the product of the pecks. 9 times 
3 pk. equals 27 pk. ; 27 pk. plus the 6 pk. 
reserved equals 33 pk. Since there are 4 pk. in 1 bu., in 33 
pk. there are as many bushels as 4 is contained times in 33, 
or 8 bu. and 1 pk. remaining. We write the 1 pk. under 
the column of pecks, and reserve the 8 bu. for the product 
of the bushels. 9 times 2 bu. plus the 8 bu. reserved equals 
26 bu. Therefore, we find that 9 bbl. contain 26 bu. 1 pk. 
6 qt. of apples. Ans. 

(112) (7 T. 15 cwt. 10.5 lb.) X 1.7 = ? When the mul- 
tiplier is a decimal, instead of multiplying the denominate 
numbers as in the case when the multiplier is a whole num- 
ber, it is much easier to reduce the denominate numbers to 
the lowest denomination given ; then, multiply that result 
by the decimal, and, lastly, reduce the product to higher 
denominations. Although the correct answer can be ob- 
tained by working examples involving decimals in the 
manner as in the last example, it is much more complicated 
than this method. 7 T. 15 cwt. 10.5 lb. 

X _20 

140 cwt. 

15 
15 5 cwt. 
X 100 
15 5 lb. 

10.5 
15510.5 1b. 
15,510.6 lb. X 1.7 = 26,367.85 lb. 
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There are 100 lb. in 1 cwt., and in 26,367.85 lb. there are 
as many cwt. as 100 is contained times in 26,367.85, which 

equals 263 cwt. and 67. 85 lb. 

100 ) 2 6 3 6 7. 8 5 lb. remaining. Since we have 

20)26 3 cwt. +67.85 lb. the number of pounds for 

1 3 T. + 3 cwt. our answer, we reduce 263 

cwt. to higher denominations 
There are 20 cwt. in 1 ton, and in 263 cwt. there are as 
many tons-as 20 is contained times in 263, or 13 tons and 3 
cwt. remaining. Since we cannot reduce 13 tons any 
higher, our answer is 13 T. 3 cwt. 67.85 lb. Or, since .85 
lb. = .85 lb. X 16 = 13.6 oz., the answer may be written 
13 T. 3 cwt. 67 lb. 13.6 oz. 

(113) 7 ) 358 A. 57 sq. rd. 6 sq. yd. 2 sq. ft. 

51 A. 31 sq. rd. sq. yd. 8 sq. ft. Ans. 

We begin with the highest denomination, and divide each 
term in succession by 7. 

7 is contained in 358 A. 51 times and 1 A. remaining. 
We write the 51 A. under the 358 A. and reduce the remain- 
ing 1 A. to square rods =160 sq. rd. ; 160 sq. rd. + the 57 
sq. rd. in the dividend = 217 sq. rd. 7 is contained in 217 
sq. rd. 31 times and sq. rd. remaining. 7 is not contained 
in 6 sq. yd. , so we write under the sq. yd. and reduce 
6 sq. yd. to square feet. 9 sq. ft. X 6 = 54 sq. ft. 54 sq. ft. 
+ 2 sq. ft. in the dividend = 56 sq. ft. 7 is contained in 
56 sq. ft. 8 times. We write 8 under the 2 sq. ft. in the 
diTidend. 

(114) 12 ) 282 bu. 3 pk. 1 qt. 1 pt. 

23 bu. 2 pk. 2 qt. i pt. Ans. 

12 is contained in 282 bu. 23 times and 6 bu. remaining. 
We write 23 bu. under the 282 bu. in the dividend, and 
reduce the remaining 6 bu. to pecks = 24 pk. + the 3 pk. in 
the dividend = 27 pk. 12 is contained in 27 pk. 2 times and 
3 pk. remaining. We write 2 pk. under the 3 pk. in the 
dividend, and reduce the remaining 3 pk. to quarts. 3 pk. 
= 24 qt. ; 24 qt. + the 1 qt. in the dividend = 25 qt. 12 is 
contained in 25 qt. 2 times and 1 qt. remaining. We write 
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2 qt. under the 1 qt. in the dividend, and reduce 1 qt. to 
pints = 2 pt. + the 1 pt. in the dividend = 3 pt. 3 -^ 12 = 

I2°'^4P'- 

(115) We must first reduce 23 miles to feet before we 
can divide by 30 feet. 1 mi. contains 5,280 ft. ; hence, 23 
mi. contain 5,280 X 23 = 121,440 ft. 

121,440 ft. -T- 30 ft. = 4,048 rails for 1 side of the track. 
The number of rails for 2 sides of the track = 2 X 4,048, 
or 8,096 rails. Ans. 

(116) In this case where both dividend and divisor are 
compound, reduce each to the lowest denomination men- 
tioned in either and then divide as in simple numbers. 



Ibu. 
X4 


1 pk. 7 qt. 


3 5 6 bu. 3 pk. 5 qt. 
X4 


4pk. 
+ 1 




1424pk. 

+ 3 


5 pk. 
X8 




1427pk. 
X8 


40 qt. 
+ 7 




1 1 4 1 6 qt. 
+ 5 


4 7qt. 
47)11421(! 


243 


11421 qt. 


94 

202 
188 




11,421 qt.-T- 47 qt. = 243 boxes 

Ans 


141 
141 







(117) We must first reduce 16 square miles to acres. 
In 1 sq. mi. there are 640 A., and in 16 sq. mi. there are 
16 X 640 A. = 10,240 A. 

62 )10240A. 

16 5 A. 25sq.rd. 24sq.yd. 3sq.ft. 80+sq. in. Ans. 

C. Vol. VL—s. 
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G2 is contained in 10,240 A. 1G5 times and 10 A. remain- 
ing. We write 105 A. under the 10,240 A. in the dividend 
and reduce 10 A. to sq. rd. In 1 A. there are 160 sq. rd., 
and in 10 A. there are 10 X IGO = 1,000 sq. rd. 62 is con- 
tained in 1,G(K) sq. rd. 25 times and 50 sq. rd. remaining. 
We write 25 sq. rd. in the quotient and reduce 60 sq. rd. to 

sq. yd. In 1 sq. rd. there are SO- sq. yd., and in 50 sq. rd. 

4 

there are 50 times *M)-r sq. yd. = 1,512^ sq. yd. 62 is con- 

4 Z 

tained in 1,512— sq. yd. 24 times and 24^ sq. yd. remaining. 

In 1 sq. yd. there are 9 sq. ft., and in 24^ sq. yd. there arc 

2 

24- X 9 = 220^ sq. ft. 62 is contained in 220^- sq.ft. 3 times 
and 34^ sq. ft. remaining. We write 3 sq. ft. in the quo- 

tient and reduce 34— sq. ft. to sq. in. In 1 sq. ft. there are 

144 sq. in., and in 34- sq. ft. there are 34^ X 144 = 4,968 

sq. in. 02 is contained in 4,968 sq. in. 80 times and 8 sq. in. 
remaining. 

We write 80 sq. in. in the quotient. 

It should be borne in mind that it is only for the purpose 
of illustrating the method that this problem is carried out 
to square inches. It is not customary to reduce any lower 
than square rods in calculating the area of a farm. 

(118) To square a number, we must multiply the 

number by itself once, that is, use the number twice as a 

factor. Thus, the second power of 108 is 108 X 108 = 11,664 

Ans. 

108 

108 



864 
108 

11664 



328 51.5 6 25 
181.25 
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(119) 181.25 The third power of 181.25 

1 8 1.2 5 equals the number obtained by 

Q Qg 25 using 181.25 as a factor three 

3 6 2 5 times. Thus, the third power of 

18125 ' ^^^-^^ ^^ 181.25 X 181.25 X 

14^^ QQQ 181.25 = 5,954,345.703125. Ans. 

1312 5 Since there are 2 decimal 

places in the multiplier, and 2 

ii\ the multiplicand, there are 2 

-|- 2 = 4 decimal places in the 

1642 57 8125 first product. 

657031250 ^^^^^ there are 4 decimal 

328515625 places in the multiplicand, and 

2628125000 2 in the multiplier, there are 4 

328515625 +2 = 6 decimal places in the 

5954345.70 31 25 final product. 

(120) 2 7.6 1 The fourth power of 27.61 is 

2 7.61 the number obtained by using 
oiv gi 27.61 as a factor four times. 

16 5 6 6 Thus, the fourth power of 27.61 

19327 is 27.61 X 27.61 X 27.61 X 

5 52 2 27.61 = 581,119.73780641. Ans. 

Since there are 2 decimal 

places in the multiplier and 2 

in the multiplicand, there are 2 

7623121 -]-2 = 4 decimal places in the 

45738726 first product. 

63361847 Since there are 4 decimal 

15246242 places in the multiplicand and 

2104 7. 437081 ^^^ ^^^ multiplier, there are 4 

2761 +2 = 6 decimal places in the 

second product. 

21047437081 sj^ce there are 6 decimal 

12628462 2486 pj^^^g ^^ ^^le multiplicand and 

147332069667 2 in the multiplier, there are 6 

42094874162 ^ ^ = 8 decimal places in the 

68111 9.7 3780641 final product. 



7 6 2.3121 
2 7.61 
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(121) (a) 106» = 106 X 106 = 11,236. Ana 

106 
106 



636 
1060 

11236 

(*) (l82iY = 182ixl82|-= 33,169.516626. An& 

1 182.126 

8=8)M£0 182.126 

.125 Since there are 3 

?!2^!^ decimal places in the 

multiplier and 3 in the 
multiplicand, there are 

3 + 3 = 6 decimal 
145 7 000 i^^^g jj^ ^^^ product 

182125 ^ 



364250 
182125 
364250 



33169.515626 

(c) .005* = .005 X .005 = .000025. Ans. 

QQK Since there are 3 decimal places 

QQ^ in the multiplicand and 3 in the 

multiplier, there are 3 + 3 = 6 

.000025 Ans. decimal places in the product. 

(d) .0063' = .0063 X .0063 = .00003969. Ans. 

.0063 

.0063 Since there are 4 decimal places 

— —rr in the multiplicand and 4 in the 

-, multiplier, there are 4 + 4 = 8 

decimal places in the product. 



.00003969 Ans. 



{e) 10.06' = 10.06 X 10.06 = 101.2036. Ans. 

10.0 6 

1 0. 6 Since there are 2 decimal places 

in the multiplicand and 2 in the 
multiplier, there are 2 + 2 = 4 
decimal places in the product. 



6036 
100600 



101.2036 
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(122) {a) 753' = 753 X 753 X 753 = 426,957,777. Ans. 

753 
753 
2259 
8765 
5271 



567009 
753 

1701027 
2835045 
3969063 

426957777 
(*) 987.4'= 987.4 X 987.4 X 987.4 = 962,674,279.624. Ans. 

9 8 7.4 

9 8 7.4 Since there is 1 decimal place 

3 9 4 9 6 in the muftiplicand and 1 in the 

6 9118 multiplier, there are 1 + 1 = 2 

7 8992 decimal places in the first 

88866 product. 

974958.76 

9 8 7.4 Since there are 2 decimal 

389983504 places in the multiplicand and 

682471132 one in the multiplier, there are 

779967008 2 + 1 = 3 decimal places in the 

877462884 final product. 
962674279.624 

(^r) '005' = .005 X .005 X .005 = .000000125. Ans. 

Since there are 3 decimal places in the multiplicand and 
3 in the multiplier, there are 3 + 3 = 6 decimal places in the 

first product; but, as there are only 2 
.ODD figures in the product, we prefix four 

ciphers to make the six decimal places. 

.000 02 5 Since there are six decimal places in 

.0 5 the multiplicand and 3 in the multi- 

000000 125 plier, there are 6 + 3 = 9 decimal places 

in the final product. In this case we 
prefix six ciphers to form the nine decimal places. 
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{d) .4044'= .4044 X .4044 X .4044 = .066135317184 Ans. 

40 44 Since there are 4 decimal 

4044 places in the multiplicand and 

4 in the multiplier, there are 



16176 4+4=8 decimal places in the 

16176 gj-st product. 

^ " ^ * " ^ Since there are 8 decimal 



.10353936 places in the second multipli- 

.40 44 cand and 4 in the multiplier, 

65415744 there are 8 + 4 = 12 decimal 

65415744 places in the final product ; but, 

654157440 ^^ there are only 11 figures in 

the product, we prefix 1 ciphei 



.0 66135317184 ^^ ^^^^ ^2 decimal places. 

(123) 2* = 2X^X2X2X2 = 32. Ans, 

(124) 3* = 3X 3X 3X 3 = 81. Ans. 

( 1 25) (a) 67. 85« = 67. 85 X 67. 85 = 4, 603. 6225. Ans. 

67.85 

^**^^ Since there are 2 decimal 

33 9 25 places in the multiplier and 2 

5 42 80 in the multiplicand, there are 

47495 2 + 2 = 4 decimal places in the 

40 710 product. 

4603.6225 Ans. 

{d) 967,845' = 967,845 X 967,845 = 936,723,944,026. Ans. 

967845 
967845 



4839225 
3871380 
7742760 
6774915 
5807070 
8710605 

936723944025 



ARITHMETIC «^ 

(r) A firactiao may be rafced lo any JK^wx^^ by rai^^aug K^^ h 
numerator and dmominator to the nN^uirtnl term. 



/^v /IV 1 1 1 X 1 1 , 



(126) (tf) y = 5 X 5 X 5 X 5 X 5 X 5 X A X5 X *% X At 
3,765,625. Ans. 

(fiY 9* = 9X9X9X9X9 = 59,040. Ans. 



5 
6 






26 
6 


81 



126 
6 


730 



626 
6 


flflOl 



3126 
6 


60040 


16626 
5 




78126 
6 




890626 
6 




1963126 
6 




9766625 





(127) (a) 1.2* = 1.2 X 1.2 X 1.2 X 1.2 =-. %(mfl Ann. 

Since there isl decimal place i.i the irjultij/licari'l and I in 
the multiplier, we must point oi! 1 + 1 = 2 decimal place* 
In the first product. 
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Since there are 2 decimal places in the second multipli- 
cand and 1 in the multiplier, we must point off 2 + 1 = 3 
decimal places in the second product. 

Since there are 3 decimal places in the third multiplicand 
and 1 in the multiplier, we must point ofiE 3 + 1 = 4 decimal 
places in the final product. 

1.2 
1.2 

34 
12 



1.4 4 
1.2 

288 
144 

1.7 2 8 
1.2 

3466 
1728 

2.0 7 3 6 



(6) 11* = 11 X 11 X 11 X 11 X 11 X 11 = l,77I,56L Ans 



11 
11 

121 
11 



1331 
11 

14641 
11 

1610 51 
11 

1771561 
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(c) 1* =1X1X1X1X1X1X1 = 1. Ans. 

(d) .01* = .01 X .01 X .01 X .01 = .00000001. Ans. 

Since there are 2 decimal places in the multiplicand and 
2 in the multiplier, we must point off 2+2 = 4 decimal 

places in the first product ; but, as there 
.01 is only 1 figure in the product, we 
.01 prefix 3 ciphers to make the 4 necessary 
decimal places. 

Since there are 4 decimal places in 
the second multiplicand and 2 in the 



.000001 multiplier, we must point off 4 + 2 = 6 
•01 decimal places in the second product. 



.0 0000001 It is necessary to prefix 5 ciphers to 

make 6 decimal places. 
Since there are 6 decimal places in the third multiplicand 
and 2 in the multiplier, we must point off 6 + 2 = 8 decimal 
places in the product. It is necessary to prefix 7 ciphers to 
make 8 decimal places in the final product. 

(e) .1* = .1 X .1 X .1 X .1 X .1 = .00001. Ans. 
Since there is 1 decimal place in the multiplicand and 
1 in the multiplier, we must point off 1 + 1 = 2 decimal 

places in the first product. It is necessary to 

•1 prefix 1 cipher to the product. 

•I Since there are 2 decimal places in the 

^Ql second multiplicand and 1 in the multiplier, 

,1 we must point off 2+1 = 3 decimal places 

in the second product. It is necessary to 

prefix 2 ciphers to the second product. 

Since there are 3 decimal places in the 



.0001 third multiplicand and 1 in the multiplier, we 
•1 must point off 3 + 1 = 4 decimal places in 



.00001 t^® third product. It is necessary to prefix 
3 ciphers to this product. 
Since there are 4 decimal places in the fourth multi- 
plicand and 1 in the multiplier, we must point off 4 + 1 
or 5 decimal places in the final product. It is necessary to 
prefix 4 ciphers to this product 
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(128) {a) .0133' =.0133 X.0133 X .0133 =.000002352637. 

Ans. 

Since there are 4 decimal places in the multiplicand and 4 

in the multiplier, we must point off 4 + 4=8 decimal 

places in the product; but, as 

.013 3 there are only 5 figures in the 

.013 3 product, we prefix three ciphers 

3 9 9 to form the eight necessary deci- 

3 9 9 mal places in the first product. 

13 3 Since there are 8 decimal places 

7-T— rT~rTT in the multiplicand and 4 in the 

.0001 7 689 , . ,. . ^ 

multiplier, we must point oft 8 + 

— \ 4 = 12 decimal places in the prod- 

5 306 7 uct; but, as there are only 7 

5 3 6 7 figures in the product, we. prefix 

17 6 8 9 5 ciphers to make the 12 neces- 



.000002352637 sary decimal places in the final 

product. 

{d) 301.011' = 301.011 X 301.011 X 301.011 = 

27,273,890.942264331. Ans. 



301.011 
301.011 



Since there are 3 decimal 

places in the multiplicand 

3 01011 and 3 in the multiplier, we 

3 01011 must point off 3 + 3 = 6 

3 010110 decimal places in the first 

9030330 product. 

90607.622121 

3 01.011 Since there are 6 decimal 

90007622121 places in the multiplicand 

90607622121 ^^^ ^ in the multiplier, we 

906076221210 ^^^st point off 6 + 3 = 9 

2718228063630 decimal places in the final 



27273890.942264331 



product. 
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^"^^ Vs; "" 8 ^ 8 ^ 8 "" 8 X 8 X 8 ~ 512* ^^^• 

{d) To find any power of a mixed number, first reduce it 
to an improper fraction, and then multiply the numerators 
together for the numerator of the answer, and multiply the 
denominators together for the denominator of the answer. 

(h)-^^!^ 4." 4X4X4 --64"-^^-^^^+ 



Ans. 



3_ 3X4 + 3_ 12 + 3 _15 
'^"" 4 ■" 4 "" 4' 



16 64)3375.000(52.734 + 

15 320 



75 175 

15 128 



225 470 

15 448 



1125 220 

225 192 



3376 280 

256 



24 



Since f/irce ciphers were annexed to the dividend, three 
decimal places must be pointed off in the quotient. It is 
easy to see that the next figure will be a 3 ; hence, write the 
sign + 9 as shown. 

(129) Evolution is the reverse of involution. In invo- 
lution we find the power of a number by multiplying the 
number by itself one or more times, while in evolution we 
find the number or root which was multiplied by itself one or 
more times to make the power. 
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(130) {a) 1 

1 



20 

_8 

28 
8 

360 

6 

366 

e_ 

3720 

7 

3727 

7 

3734 



i/3'4 8'G7'8 4.4 0'10 = 1867. 29 + Ans. 
1 

248 
224 



2467 
2196 



27184 
26089 



3734 ) 1 9 5. (. 293 or .29 + 
7468 

34820 
33606 



12 140 



Explanation. — Applying the short method described in 
Art. 272, we extract the root by the regular method to 
four figures, since there are six figures in the answer, and 
6 -^ 2 + 1 = 4. The last remainder is 1095, and the last trial 
divisor (with the cipher omitted) is 3734. Dividing 1095 by 
3734, as shown, the quotient is .293 + , or .29 + using two 
figures. Annexing to the root, gives 1,867.29 + . Ans. 
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{i) (a) 3 4/9'0 O'O 0'9 9. 4 O'O 9'0 = 3000.0165 + Ans. 
3_(^) 9 

(d) 60 (r) 0000994009 
600001 



600 39400800 
36000156 



3400644 



6000 
0_ 

60000 
0_ 

600000 

1 

600001 

1_ 

6000020 

6 

6000026 

Explanation. — Beginning at the decimal point we point 
off the whole number into periods of ^wo figures each, pro- 
ceeding from rig^At to left ; also, point off the decimal into 
periods of two figures each, proceeding from left to right. 
The largest number whose square is contained in the first 
period, 9, is 3 ; hence, 3 is the first figure of the root. Place 
3 at the left, as shown at (^), and multiply it by the first fig- 
ure in the root, or 3. The result is 9. Write 9 under the 
first period, 9, as at (^), subtract, and there is no remainder. 
Bring down the next period, which is 00, as shown at (c). 
Add the root already found to the 3 at (^), obtaining 6, and 
annex a cipher to this 6, thus making it 60, which is the trial 
divisor^ as shown at {d). Divide the dividend (c) by the 
trial divisor, and obtain as the next figure in the root. 
Write in the root, as shown, and also add it to the trial 
divisor, 60, and annex a cipher, thereby making the next trial 
divisor 600. Bring down the next period, 00, annex it to the 
dividend already obtained, and divide it by the trial divisor. 
600 is contained in 0000, times, so we place another cipher 



n ARITHMETIC 

in the root. Write in the root, as shown, and also add it 
to the trial divisor, 6<X>, and annex a cipher, thereby making 
the next trial divisor 6,000. Bring down the next period, 99. 
The trial divisor 6,000 is contained in 000099, times, so we 
place as the next figure in the root, as shown, and also add 
it to the trial divisor 6,000, and annex a cipher, thereby mak- 
ing the next trial divisor 60,000. Bring down the next period, 
40, and annex it to the dividend already obtained to form 
the new dividend, 00009940, and divide it by the trial divisor 
60,000. 60,000 is contained in 00009940, times, so we place 
another cipher in the root, as shown, and also add it to the 
trial divisor 60,0iX\ and annex one cipher, thereby making 
the next trial divisor 600,000. Bring down the next period, 
09, and annex it t > the dividend already obtained to form 
the new dividend, tXXK>994009, and divide it by the trial di- 
visor 6iX\0iX). 6iH>.iXX> is contained in 0000994009 once, so 
we place 1 as the next figure in the root, and also add it to 
the trial divisor 60l>,lXX>, thereby making the complete divisor 
6lX),(Xn. Multiply the complete divisor, 600,001, by 1, the 
sixth figure in the root, and subtract the result obtained 
from the dividend. The remainder is 394,008, to which we 
annex the next period, 00, to form the next new dividend, or 
30,4(X\800. Add the sixth figure of the root, or 1, to the 
divisor 000,00], and annex a cipher, thus obtaining 6,000,020 
as the next trial divisor. Dividing 39,400,800 by 6,000,020, 
we find 6 to be the next figure of the root. Adding this last 
figure, 6, to the trial divisor, we obtain 6,000,026 for our 
next complete divisor, which, multiplied by the last figure of 
the root, or (>, jrives 3r),000,15(>, which write under 39,400,800 
and subtract. Since there is a remainder, it is clearly evi- 
dent that the given power is not a perfect square, so we 
place + after the root. Since the next figure is 5, the 
answer is 3,000.017 — . 

In this problem there are seven periods — four in the whole 
number and three in the decimal — hence, there will be seven 
figures in the root, /our figures constituting the whole 
n umber, and thr ee figures the decimal of the root. Hence, 
4/9,000,099.4009 = 3,000.017 - 
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^^) ^ i/.0 0'12'2 5 = .035. Ans. 

1_ 00 



60 -7^ 

J 9 

65 



32a 
32 5 

Pointing off periods, we find that the first period is com- 
posed of ciphers; hence, the first figure of the root will be a 
cipher. No further explanation is necessary, since this prob- 
lem is solved in a manner exactly similar to the problem 
solved in Art. 264. Since there are three decimal periods 
in the power, there will be three decimal figures in the root. 

(131) {a) 1 4/r0 7'9 5.2 1 = 103.9 Ans. 

J^ 1 

^0 0795 

G09 



^00 18621 

3 18621 



203 
3 

2060 
9 

206 9 



(*) ^ 4/7'3 0'0 8.04 = 270.2 Ans. 

2 4 



40 330 

7 329 



47 10804 

7 10804 



5400 
2 

6403 
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(^) 9 i/9 0.00'00'00 = 9. 487 - 

9 81 Ana 

180 900 

^ 736 



184 16400 

4 15104 



1880 1896 ) 1296.00 (.68 + or .7- 

8 11376 



1888 15840 

^ 15168 

1896 
Having found the first three figures, we find the fourth 
by division, as shown. 

{d) |/1)9 = .3. Ans. 

(132) (a) 

6 3 6 ^.327'680'000 = .6894 + 

A '^^ 216 . Ans. 

^l 10800 111680 

-^ 1504 98432 

180 



12304 



188 



8 ^^oyj'± 13248000 

^^^^ 12650769 



8 13 8 7 2 1424163 )597231.00 (.41+or.4+ 

196 18441 5696652 



8 1405641 



2756580 



2040 18522 1424168 
? 1424163 



2049 

9 

2058 
9 



2067 

Here we find the first three figures in the regular way, 
and the fourth figure by the short method. See Art. 284. 
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Explanation. — (1) When extracting the cube root we 
divide the. power into periods of three figures each. Always 
begin at the decimal point, and proceed to the left in point- 
ing off the whole number, and to the right in pointing off 
the decimal. In this power y^. 32768, a cipher must be 
annexed to 68 to complete the second decimal period. 
Cipher periods may now be annexed until the root has as 
many figures as desired. 

(2) We find by trial that the largest number whose cube 
is contained in the first period, 327, is 6. Write 6 as the first 
figure of the root, also at the extreme left at the head of 
column (1). Multiply the 6 in column (1) by the first figure 
of the root, 6, and write the product 36 at the head of 
column (2). Multiply the number in column (2) by the 
first figure of the root, 6l, and write the product 216 under 
the figures in the first period. Subtract and bring down 
the next period 680; annex it to the remainder 111, thereby 
obtaining 111,680 for a new dividend. Add the first figure 
of the root, 6, to the number in column (1), obtaining 
12, which we call the first correction ; multiply the first 
correction 12 by the first figure of the root, and we obtain 
72 as the product, which, added to 36 of column (2), gives 
108. Annexing two ciphers to 108, we have 10,800 for the 
trial divisor. Dividing the dividend by the trial divisor, we 
see that it is contained about 8 times, so we write 8 as the 
second figure of the root. Add the first figure of the root 
to the first correction, and we obtain 18 as \};\^ second cor- 
rection. To this annex one cipher, and add the second figure 
of the root, and we obtain 188. This, multiplied by the sec- 
ond figure of the root, 8, equals 1,504, which, added to the 
trial divisor 10,800, forms the complete divisor 12,304. 
Multiplying the complete divisor 12,304 by 8, the second 
figure of the root, the result is 98,432. Write 98,432 under 
the dividend 111,680; subtract, and there is a remainder 
of 13,248. To this remainder annex the next period 000, 
thereby obtaining 13,248,000 for the next new dividend. 

(3) Adding the second figure of the root, 8, to the num- 
ber in column (1), 188, we have 196 for the first hew 

C. Vol. F/.-H5. 
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correction. This, multiplied by the second figure of the root, 
8, gives 1,568. Adding this product to the last complete 
divisor, and annexing two ciphers, gives 1,387,200 for the 
next trial divisor. Adding the second figure of the root, 8, 
to the first new correction, 196, we obtain 204 for the new 
second correction. Dividing the dividend by the trial divisor 
1,387,200, we see that it is contained about 9 times. Write 
9 as the third figure of the root. Annex one cipher to the 
new second correction^ and to this add the third figure of the 
root, 9, thereby obtaining 2,049. This, multiplied by 9, the 
third figure of the root, equals J8,441, which, added to the 
trial divisor, 1,387,200, forms the complete divisor 1,405,641. 
Multiplying the complete divisor by the third figure of the 
root, 9, and subtracting, we have a remainder of 597,231. 
We then find the fourth figure by division, as shown. 

{b) 4 16 f 74'088 = 42 Ans. 

4 32 64 



8 4800 10088 

4 244 10088 



120 5044 
2 



122 

(r) 4 16 f^9 2'41 6 = 45.212— Ans. 
4 32 64 



® 4800 28416 
£- 625 27125 



5425 1291000 
650 1220408 



120 

5 

125 

5 607500 612912)705 92.000 (.115 

130 2704 612912 

L. 610 2 4 930080 

^^^^ 2708 612912 
2 



3^352 612912 3171680 

2 3064560 

1354 107120 
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(<^) 7 4 9 -^^.373'248 = .72 Ans. 
_7 98 343 

14 14700 30248 
7 424 30248 



210 15124 
2 



212 



(133) 



1 
1 


1 
2 

800 
64 

864 

68 


-^2. 000000000 = 1. 259921 + An& . 

1 


2 

1 


1000 
728 


30 
2 


272000 
225125 


32 
2 


48200 
1825 


46875000 
42491979 


34 
2 


46026 
1850 


4765243)4383021.000(9217or .922- 
42797187 


360 
6 


4687600 
88881 


10330280 
9510486 


365 
6 


4721881 
83912 


8197440 
4755243 


370 
5 


4765248 


34421970 


3750 
9 




3769 
9 





3768 



This example shows what a great saving of figures is 
effected by using the short method. The figures ob- 
tained by the division are 9217, thus making the last figures 
of the answer 922, according to Art. 272. This is not 
correct in this case; the true answer to eight decimal 
places being 1.25992104 + ; hence, the first three figures 
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found by division should be used in this case. The reason 
for the apparent failure of the method in this case to give 
the seventh figure of the root correctly is because the fifth 
figure (the first obtained by division) is 9. Whenever the 
first figure obtained by division is 8 or 9, it is better to carry 
the root process one place further, before applying Art. 
2729 if it is desired to obtain absolutely correct results. 

(134) (a) ^ 

1 1 f'l'? 5 8.4 167 43 = 12.07 Ans. 

1 a 1 



2 300 758 

1 64 728 



30 364 30416743 

2 68 30416743 



32 4320000 

2 25249 



34 4345249 

2 



3600 
7 

3607 



(b) 1 1 ^V\ 9 I'O 1 6 = 106 An& 

12 1 



2 30000 191016 

1 1836 191016 



300 31836 

6 



306 



^32 8 v^8 2 

(^)/I^=-|E = l Ans. 
512 >^2 8 
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(135) 1 

2 

1_ 
30 

84 

_4 
88 
4 
420 

4 

424 

4 

428 

4_ 

4820 

2 

4822 
2 

4824 

(13 6) (a) 

1 i/1'2 3.21 
]_ 1 
20 
_1 
21 
1 



1 
2 

300 
136 

436 
152 



>|?'3. 00 00 000 00 = 1.442250- Ans. 
1 



2000 
1744 



256000 
241984 



58800 
1696 

60496 
1712 

6220800 
8644 

6229444 
8648 

6238092 



14016000 

12458888 



6238092) 155711 2.000 ( .2496 or .260- 
12476184 



30949360 
24952368 

59969920 
66142828 

3827092 



(*) 



11.1 Ans. 1 
1 



23 
21 



221 
221 



220 

1 

221 



(^) 



200 

7 

207 

7_ 

2140 

2 

2142 



4/11 4. 9 210: 
1 


1492 
1449 


4310 

4284 



10.72 + 
Ans. 



26 



7 


|/5 0'2 6'8 1 


7 


49 


140 


12681 





12681 



709 Ans. 2 
2 



1400 

9 

1409 



400 

3 

403 



4/.0 0'0 4l2'0 9 

00 

04 
4 



.0203 
Ans. 



1209 
1209 
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(137) (a) 

1 1 f^.O 6'5 O'O = .18663 — Ans 

1 2 1 

2 300 5500 
1 304 4832 



30 604 668000 

8 368 602856 



38 97200 103788 ) 65 1 44.00 (.627 or .63- 

8 3276 622728 



46 100476 287120 

8 3312 207576 



540 103788 79544 

6 

646 
6 

652 

W 

2 4 ^.0 2 1'O O'O = .2759- Ans. 
2 _8 _8 

4 1200 13000 
2 469 11683 



60 1669 1317000 

7 518 1113875 



67 218700 226875)20312 5.0(.89or.9-- 

7 4075 1815000 

74 222775 216250 

7 4100 



810 226876 
5 

sis 

5 
820 
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2 4 ^8'0 3 6'0 5 4'0 2 7 = 2,003 Ans. 

2 8 8 

4 12000000 036054027 
2 18009 36054027 



6000 12018009 
3 

6003 

(^) 

1 1 t^.00 0'004'0 9 6 = .016 Ans. 

1 2 000 

i" 300 004 

1 216 1 



30 616 3096 

6 3096 



36 

W 

2 4 ij^'l 7.0 OO'OO = 2.5713- Ans. 

2 8 8 

4 1200 9000 

2 325 7625 



60 1525 1375000 

5 350 1349593 



65 187500 198147 ) 2 5 4 7. (. 128 or . 13- 
5 5299 198147 



70 192799 559230 

5 5348 396294 



750 198147 162936 

7 

7 
764 
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(138) {a) In this example the index is 4, and equals 
2x2. The root indicated is the fourth root, hence the 

square root must be extracted twice. Thus, ^ = i/ of 
the V^ and ^^^561 = VVoEoi = 4/8I = 9. Ans. 

8 i^6 5'61 = 81 4/81 = 9 Ans. 

8 64 



160 161 

1 161 



161 



{i) In this example the index is 6, and 6 equals 3 X 2 or 
2x3. The root indicated is the sixth root ; hence, extract 
both the square and cube root, it making no particular dif- 
ference as to which root is extracted first. Thus, 

y~^ = |A" of the i/"', or |/^ of the 4/". 
Hence. Vll7,649 = 4^4^117,649 = V^ = 7. Ans. 

3 4/ir7 6'49 = 343 4^343 = 7 Ans. 

— ?_ 

60 276 



4 



256 



64 2049 

2049 



I 



680 
3 

6^3 



{c) >^. 000064 = V/. 000064 = .2. Ans. 

4^. 000064 = .008. K008 = .2. Hence, 4/. 000064 = .2. 

Ans. 
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(^) 



|/i = ? I = .375, since 8 )3.000 
^ ® .375 



7 49 f . 3 7 5'0 O'O = . 72112+ Ans. 

7 98 343 

14 14700 3 2 

7 424 30248 



210 15124 1752000 

2 428 1557361 



212 1555200 1559523 ) 1 9 4 G 3 9. (. 124 or . 12 + 

2 2161 1559523 

2T4 15 5 7 3 61 3868670 

2 2162 3119046 



2160 1559523 749624 

1 



2161 
1 

2162 



Hence, 1?^=. 72112 +. Ans. 



X / X i/1225 4/1225 
(139) (a) V-^=:^^^ 



Hence 4/^=-. Ans 
nence, y ^^^^ ^^. 



3 

3 


i/1 2'2 5-35 
9 


60 
6 

65 


325 
325 


7 
7 


/5 4'7 6 = 74 
49 



140 576 
4 576 

144 
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(*) ^ (0 ^ 

5 i^.3 3'6 4=.58 3 4/. 1 0'O O'O O'O =.31623- 

5 2 5 An& 3 9 Ans. 



lOa 864 60 100 

8 864 1 61 



108 61 3900 

1 3756 



6 2 632 ) 1 4 4.0 (.227 or .23- 

6 1264 

626 1760 

6 12 64 

632 496 

{d) 25.o| = 25.075. 

5 >/25.07'50'00'00'00 = 6.00749 + 

5 2 5 An& 



10000 075000 

7 70049 



10007 495100 

7 400576 



100140 9452400 

4 9 013401 

100144 438999 

4_ 

1001480 

9 

1001489 

(e) .OOo| = .0004444444+. 



2 i^.0 0'0 4'4 4'4 4'4 4=.02l0 8 + 

2_ 00 Ans 

40 04 

1 4 



41 44 

1 41 



4200 34444 

8 33664 

4208 780 
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(140) {a) ^ = V72. 
1 4/2.0 O'OO'OO'OO = 1. 41421356 -f 



1 



20 100 

4 96 



24 400 

4 281 



280 11900 

1 11296 



281 60400 

1 56564 



28 20 28284) 3 8 3 6.0 ( .13562 or .1356 ^- 

4 28284 

2824 100760 

4 84852 



28280 159080 

2 141420 



28282 176600 

2 169704 

28284 6896 



1 4/1.41'42l3'5 6 = 1.1892 + Ans. 

L 1 

20 — 41 

JL 21 

21 2042 
1 1824 



220 21813 

§ 21321 

228 49256 I^is required in this prob- 

S 47 5 6 4 1^^ to extract the fourth 

23 60 1692 root of 2 to four decimal 

9 places; hence, we must ex- 

2 3 6 9 tract the square root twice, 

9 since ^ = ^ of the 4/ . 

23 7 80 In the first operation we carry the root to 8 

2 decimal places, in order to carry the root in the 

2 3 7 8 2 second operation to 4 decimal places. 
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2 -/6.00'00'00'00'0 0= 2. 4494897428 + 



40 200 
4 176 



44 2400 

4 1936 



480 46400 

4 44001 



484 239900 

4 195936 



4880 4396400 

9 3919104 



4889 489896)477296.00000 (.974280 or .97428 + 
9 4409064 



48980 3638960 

4 3429272 



48984 2096880 

4 1959584 



489880 1372960 

8 979792 



489888 3931680 

8 3919168 



489896 12512 

It is required in this problem to find the sixth root of 6; 
hence it is necessary to extract both the square and cube 
roots in succession, since the index, 6, equals 2 X 3 or 
3x2. It makes no particular difference as to which root 
we extract first, but it will be more convenient to extract 
the square root first. The result has been carried to 10 
decimal places; since the answer requires but 5 decimal 
places, the remaining decimals will not affect the cube root 
in the fifth decimal place, as the student can see for himself 
^*( he will continue the operation. 
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1 1 ^2. 4 4 9'4 8 9'7 4 2'8 = 1. 34801 - 

12 1 Ans. 



2 300 1449 

1 99 1197 



30 399 252489 

3 108 209104 



33 50700 43385742 

3 1576 43352192 



36 52276 5451312) 33550.0 00 ( .006 or .01 - 

3 1592 32707872 



394 5419024 

4 32288 



390 5386800 842128 

4 3 2 2 2 4 



398 5451312 

4 

4020 
8 

4028 
8 

4036 

(141) {a) 1 -/3.14'1 6 = 1.7725- Ans. 

1 1 



20 214 

7 189 



27 2516 

7 2429 



340 354)8 7.00 (.245+ or 25 

7 708 



347 1620 

7 1416 

354 204 
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(*) 8 ^.78'5 4'00 = .8862+ An& 

8 64 ' 



160 

8 

168 
8 



1454 
1344 



1760 



11000 
10596 



6 1772)40 4.0 (.22 or .2 + 



1766 35^^ 

6 496 



1772 



(142) {a) 

1 1 f^3.141'6 00'000= 1.4646 - 
12 1 Ans. 

2 300 2141 
1 136 1744 



30 436 397600 

4 152 368136 



34 58800 29464000 

4 2556 25649344 



38 61356 6429888 ) 3814656.0 ( .59or.6- 

4 2592 32149440 



420 6394800 6997120 

6 17536 



426 6412336 

6 17552 



432 6429888 

6 



4380 
4 

4384 
4 

4388 
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(*) 
8 64 v'.5 2 3'6 00'000=.80599 + or.8060- 

8 128 512 Ans. 



16 1920000 11600000 

8 12025 9660125 



2400 1932025 1944075)1939875.00(.99 
* 5 12050 17496675 



2405 1944075 1902075 

5 



2410 



(143) 11.7 : 13:: 20 : x. The product of the means 

lL7;ir= 13x20 equals the product of the 

11. 7 ;r = 260 extremes. 



260 
4r = 



117)260.000(22.22+ Ans. 
234 



260 
234 



260 
234 



260 
234 



26 

(144) (a) 20 + 7 : 10 + 8::3:;r. 

27 : 18:: 3 : x 

27 x= 18 X 3 

27.r = 54 

54 . . 
;i: = — = 2. Ans. 

(*) 12* : 100':: 4 : x, 
144: 10,000:: 4 :x 
144;r= 10,000 X 4 
144 ;r= 40,000 
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40,000 



jr = 



144 ) 40000.0(277.7+ Ana. 
288 
1120 
1008 



1120 

1008 



1120 

1008 

112 

4 7 
(145) (a) - = —, is equivalent to 4:1 xiiH : 21. The 

product of the means equals the product of the extremes. 

Hence, 

7ar:=7 4x21 

7;r=-.84 

84 
;r = — or 12. Ans. 

(6) In like manner, 

X 8 

ri = 77; is equivalent to ;ir : 24::8 : 10 

24 16 

16;r=24 X 8 
16;ir=192 

192 
X = ---- = 12. Ans. 
lb 

2 X 
(c) — = — - is equivalent to 2 : 10 :: ;r : 100. 

10.r = 2 X 100 

10 X = 200 

200 „^ . 
X = -— = 20. Ans. 

. ,v 15 60 . . , ^ / V 10 X , . , 

(^) -- = — IS equivaleni to (e) -rT = :;rr7r is equivalent to 

^ ' 4:6 X ^ ^ ^ 150 600 

10 : 150 :: x : 600. 

150:r = 10X 600 

150.T = 6,000 

X = * - = 40. Ans. 

IDO 



15 


: 45:: 60 : x. 




15 


;ir = 45 X 60 




15 


or = 2, 700 






2,700 
X — — 
15 


18a 




Ans. 
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(146) ;r : 5 :: 27 : 12.5. (147) 45 : 60 :: ;r : 24 

5 60;ir = 45X24 

12.5)1 35.0 (lo| Ans. ^^^= ^'^^^ 

1 '^ 5 x= \.^ = 18. Ans. 



100 4 



60 



125 5 

(148) ;r : 35 :: 4 : 7. (149) 9 : jr :: 6 : 24. 
7;ir=35x4 6;r=9x24 

7;r=140 6;tr=216 

X = —fr- = 20. Ans. X = -^ = 36. Ans 

(ISO) 

f'T;000: ^^^i;33r::27 :;r. v^i;000 = 10. 

10: 11:: 27 : x. ^^1^331= 11. 

10;r = 297. 1 1 r331(ll 

297 
10 



297 ^^«, 1 2 1 

jr = ---- = 29.7. - — 



Ans. 



2 300 331 

1 31 331 



30 331 

1 

81 

(151) 64:81 = 21':;r«. 

Extracting the square root of each term of any proportion 
does not change its value, so we find that >/64 : 4/8! = 
f/2p : V^' is the same as 

8 : 9 = 21 : ;r 

%x= 189 
;r= 23.625. Ans. 

(152) 7 + 8 : 7 = 30 : .r is equivalent to 

15 : 7 = 30 : .r. 
15;r=7x30 
15 ;r = 210 

X = — -— = 14. Ans. 

10 

> 
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(153) 2 ft. 5 in. = 29 in. ; 2 ft. 7 in. = 31 in. Stating 
as a direct proportion, 29 : 31 = 2,480 : x. Now, it is easy 
to see that x will be greater than 2,480. But x should be 
less than 2,480, since, when a man lengthens his steps, the 
number of steps required for the same distance is less; 
hence, the proportion is an inverse one, and 

29 : 31 = X : 2,480, 
or, 31^ = 71,920; 
whence, jr = 71,920-?- 31 = 2,320 steps. Ans. 

(154) This is evidently a direct proportion. 1 hr, 
36 min. = 96 min. ; 15 hr. = 900 min. Hence, 

96 : 900 = 12 : x, 
or, 96j:= 10,800; 

whence, x = 10,800 -?- 96 = 112.5 mi. Ans. 

(155) This is also a direct proportion; hence, 

27.63 : 29.4 = .76 . x, 
or, 27.63x = 29.4x .76 = 22.344; 

whence, x = 22. 344 -J- 27. 63 = . 808 + lb. Ans. 

(156) 2 gal. 3 qt. 1 pt. = 23 pt. ; 5 gal. 3 qt. = 46 pt 

Hence, 

23 : 46 = 5 : ;r, 

or, 23;r= 46 X 5 = 230; 

whence, x = 230 -t- 23 = 10 days. Ans. 

(157) Stating as a direct proportion, and squaring the 
distances, as directed by the statement of the example, 
6' : 12' = 24 : ;r. Inverting the second couplet, since this 
is an inverse proportion, 

6' : 12» = ;r : 24. 

Dividing both terms of the first couplet (see Art. 310) 
by 6 

r : 2' = ;i: : 24; or 1 : 4 = ;r : 24; 
whence, 4 r = 24, or ;ir = 6 degrees. Ans. 
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93 



;? 


16 


2 


r^^ 


? 


^ 



(158) Taking the dimensions as the causes, 



x^ whence, 2 ;ir = 75, or, x = $37.50. 

Ans. 



(159) 2 hr. =120 min. ; 14 hr. 28 min. = 868 min. 
Hence, 120 : 868 = 100 : ;r, 

or, 120 ;r = 86,800; 

whence, - x = 723J gal. Ans. 

(160) Taking the dimensions as the causes, 

;2 17 67 

(161) 8 hr. 40 min. = 520 min. Hence, 

444 : 1,060 = 520 : x, 
130 

-> . =. 1>Q6Q>< m = Ig^ = 1,241.44 + min. = 20 hr. 
^ "^ 41.44+ min. Ans. 



X, whence, 2 ;ir = 17 X 57 = 969, 
or, X = 484i bbl. Ans 



(162) 1 min. = 60 sec. Hence, 

5i: 60 = 6,160 : x, 
60 X 6,160 



or, x = 



5.5 



= 67,200 ft. Ans. 



(163) Writing the statement as a direct proportion, 
8 : 10 = 5 : .JT, it is easy to see that x will be greater than 5 ; 
but, it should be smaller, since by working longer hours, 
fewer men will be required to do the same work. Hence, 
the proportion is inverse. Inverting the second couplet, 

8:10 = ;r:5, 
4 

X = ^w = 4 men. Ans. 



or. 



94 
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(164) 


Taking the times as the causes. 


2 


X 


3 


U 

^jj; whence, 3;tr = 2 X 14 = 28, or ;r= 9ihr. 

Ans. 



(165) ' Taking the horsepowers as the eflfects, we have 
for the known causes in example 4, Art. 349, 14', 500, and 
48, and for the known eflEect 112 horsepower. Hence, 

9 

in 



14? 

500 
48 



30* 

660 = 112 

42 



^ 



m 

22 

m = m 

3 )S 



ar: 



X, or ^^ 

whence, ;r=9x22X3= 594 horsepower. Ans. 

(166) First find the volume of the cylinder in cubic 
inches, as in the example, Art. 345. The volume, multi- 
plied by the weight of one cubic inch (.261 lb.), will evidently 
be the weight of the cylinder. Hence, 



10' 
20 


19' 

60 = '''"'-^ 


100 
X, or 


144 
3 =1.570.8 


lOA 


144 X 3 X 1 

r- 


.,570.8_ 


ftK ftKfi rii in T*] 



100 ^,.v,^.^^>.~ ^*.V.i^.UIC 

weight of cylinder = 6,785.856 X .261 = 1,771.11 lb. . Ans. 
(167) Referring to the example in Art. 348, 

5 



15 

20» 
10 



40 

18' = 187 
12 



100 
Xf or )ip^ 



# 



324 = 187 
4 



, 324 X 4 X 187 ,^, ^ ,^ / 
whence, x = -7^7^ = 484. 7 lb. Ans. 
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ALGEBRA. 

(QUESTIONS 168-217.) 



(169) {a) Factoring each expression (Art. 457), we 
have 9x* + 12<;/»+ 4/ = {3x^+ 2/ ) {3x^+ 2/) = (3;r» + 2f)\ 

(b) 49^^* - 154^?'*' + UU* = (7^^' - 11*') {7a' - IW) = 
(7a' - 11*»)'. Ans. 

(r) 64jr>' + 64;rr + 16 = 16(2;rr + 1)'. Ans. 

(170) {a) Arrange the dividend according to the 
decreasing powers of x and divide. Thus, 

3x-'l)9x* + 3x* + X''l{Sx* + 2x+l Ans. 
9x* - 3;r* 

TJ'-,l (Art. 444.) 

3;r-l 
3;r-l 

(*) ^^-*)^^>-2^^*'+*'(^' + ^*-*• Ans. 

g'*-^ ^y (Art. 444,) 

- «/5' + /J' 

{c) Arranging the terms of the dividend according to 
the decreasing powers of ;r, we have 

7;r - 3 ) 7;r" - 24;r» + 58;r - 21 ( ;r» - 3;r + 7 Ans. 
nx" - 3.r' 

- 21;r' + 58;r 
-21.r»+ 9;r 



49;ir - 21 

49;r - 21 

^ 

For notice of the copyright, see page immediately following the title p.ajj^e. 
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(171) See Arts. 352 and 353. 

(1 72) (a) In the expression 4:X*j^ — 12x*j^ + ^^y\ it is 
Evident that each term contains the common factor ixj. 
Dividing the expression by 4xj^, we obtain j^ — Sx^y + 2/ 
for a quotient. The two factors, therefore, are ^y and 
;r* — 3x^y + 2/. Hence, by Art. 452, 

ix*j^ — 12x*y + Sxy = 4arj(;r* — Sxy + 2^). Ans. 

{6) The expression {x* — j*) when factored, equals {x* + 
/)(;r* -y). (Art. 463.) But, according to Art. 463, ^ 
—J* may be further resolved into the factors {^ -\- y){x — y). 

Hence, {x* — J*) = (-^^ +y)(-^+ j)(-^ ~ j)- Ans. 

{c) 8^' — 27/. See Art. 466.' The cube root of the 
first term is 2;r, and of the second term is 3y, the sign of the 
second term being — . Hence, the first factor of S.r' — 27/ 
is 2jr — 3j. The second factor we find to be 4;r' + Qxy + 9/ 
by division. Hence, the factors are 2.r — 3j and 
4j:* + ^xy + 9/. 

(173) Arranging the terms according to the decreasing 
powers of m, 

dm'n + dOm'n^ + dOm'n* + 9fn*n* 

- 15;«V - 50m'n* - 50;// V/* - Um'n* 

+ 15»/V + bOm'n* + 50m^n' + Um^n' 
— 37n*n* — 10»/'»* — lOm^n* — dmn' 

dm'n + Um'n*'- 5wV+ 6»/V + 25wV+ Sm^n^' — dmn' 

Ans. 

(174) (2^'fe')* = le^'^V. Ans. 

( - 3a'b'cY= - 243^^*•^•V^ Ans. 
( — 7m*nx^y*y = 49;«*«*.r*/. Ans. 

(1 75) {a) 4^' - 6' factored = (2^^ + 6){2a^ 6). Ans. 

(*) 16;r" - 1 factored = (4;r* + l)(4;r» ~ 1). (Art. 463.) 

Ans. 
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{c) 16;r* — Sx^y + x^j^*, when factored = 

(4;r* - ;r/)(4r* - x^). (Art. 457, Rule.) 

But, (4;r»-;r/) = ;r(2;r + ^)(2;ir-j). (Arts. 452 and 
463.) 

Hence, 16x* — Sx*y + x^y= x" {^x-\-y) {2x + j) {2x — j) 
(2;r— ^). Ans. 

(1 76) 4^* - Ua^x +5a*x^+6a*x*+a^x\2a'^3a'x-ax' 
4^* Ans. 



— 12a^x + 9^^ V 



4a'— 6^^•;r— ^^;r' 






(1 77) (^^) 6tf*^* + a'^' - 7a'b' + 2abc + 8. 

{b) 3 + 2tf fc + d^b'' - 7^«/J' + 6^^*/J^ 

if) 1 + ax+a^ + 2a*. Written like this, the a in the 
second term is understood as having 1 for an exponent; 
hence, if we represent the first term by ^", in value it will 
be equal to 1, since a® = 1. (Art. 439.) Therefore, 1 
should be written as the first term when arranged according 
to the increasing powers of a. 

(178) i^TGa^W?^ ± 2a^bc\ Ans. (Art. 521.) 
|/^Il32?^= - 2a\ Ans. 
V-l,728^^•^";ry = - 12^ W/. Ans. 

(179) {a) {a-2x+4:y)-'{^z+2b-c). Ans. (Art.408.) 

{b) — 3/J — 4^: + ^/ — (2/— de) becomes 
— [3^ -|_ 4^_ ^/_|- (2/— 3^)] when placed in brackets pre- 
ceded by a minus sign. Ans. (Art. 408.) 

{c) The subtraction of one expression or quantity from 
another, when none of the terms are alike, can be repre- 
sented only by combining the subtrahend with the minuend 
by means of the sign — . 
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In this case, where we are to subtract 
26-'{3c + 2d)— a from x, the result will be indicated by 
jr- [2^- (3^ + 2^)~^^.] Ans. (Art. 408.) 

(ISO) {a) 2;r« + 2jr« + 2jr - 2 

X -1 



2x* + 2x^ + 2jr* — 2 j: 
— 2x'~2-r*-2jr+2 

2x* — 4x + 2 Ans. 

{b) x^-Aax+c 
2x + a 



2x* — Sax* + 2r JT 

ax* — 4ii'jr 4- ac 

2x* — lax* + 2cx — 4^?' J- + ac Ans. 

(^) - ^^•4-3aV-2*• 
5a" + 9^1* 



- 5^^• + 15^^** - lOa^i' 

- 9^^*^ + 27a'*" - 18a** 

- 5a' + Ga'6 - 10a**' + 27a"*" - 18a** 

Arranging the terms according to the decreasing powers 
of a, we have - 5a* + 6a** + 27a"*" - 10a"*" - 18a*\ Ans. 

(181) (a) ijr^-sr The sum of the coefficients 

— 3x}^js of the positive terms we find to 
~ 5xjfjs be + 13, since (+ 3) + (+ 6) + 

6;ry^ (+ 4) = (+ 13). 

— 9x}^z When no sign is given before 
dxj^js a quantity the + sign must al- 

_ ^ Ans ways be understood. The sum 

of the coefficients of the nega- 
tive terms we find to be — 17 since (— 9) + (— 5) + (— 3) = 
(— 17). Subtracting the /esser sum from the greater^ and 
prefixing the sign of the greater sum (— ) (Art. 390, rule 
II), we have (+ 13) + (— 17) = — 4. Since the terms are 
all alike, we have only to annex the common symbols xyz to 
— 4, thereby obtaining — Axyz for the result or sum. 
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(i) 3a? + ^ad + 4^* When adding polynomi- 

5a* — Sad + ^' ^Is, always place like terms 

— ^' + 5^^ — ,^' under each other. (Art. 

ISa^ ~ Wai - 19*' 393.) 

14^' - 3^^ + 20/J' The coefficient of a* in 

39tf»-24^/J+ 5/5^ Ans. ^^^ ^^^ult will be 39, since 

(+14) + (+18) + (-!) + 
(+ 5) + (+ 3) = 39. When the coefficient of a term is not 
written, 1 is always understood to be its coefficient. (Art. 
359.) The coefficient of ad will be - 24, since (— 3) + 
(-20) + (+ 5) + (- 8) + (+ 2) = - 24. The coefficient of b' 
will be ( + 20) + (-19) + (-l) + (+l) + (+4) = +5. 
Hence, the result or sum is 39^' — 24^^ + 5^'. 

{c) ^mn + Zab — Ac 

+ 2mn — Aab + 3;tr + 3;«' — 4/ 

Qmn — ^^^ — 4^ + 3;r + 3;«' — 4/ Ans. 

(182) The reciprocal of 3. 1416 is -^-r^=. 3183 +. Ans. 

o.l41o 

Reciprocal of . 7854 = = 1. 273 +. Ans. 

Of^Ao =-^=lX^^ = 6^-3^- Ans. 

(183) (a) 1 ^. If the denominator of the 

^ ' ^ ' X — y y — X 

second fraction were written x — y^ instead of j — ;ir, then 

X -- y would be the common denominator. 

By Art. 482, the signs of the denominator and the sign 

before the fraction — may be changed, giving —, 

y X X y 

We now have 



X X —y ___x — X -{- y _ y 



x—y x—y x—y x—y 



Ans. 



x'^ , X X 



{b\ —5 ;- -| r—T — . If we write the denominator 

^ ' X^ — \ ^ X'\-\ 1 — X 

of the third fraction x -- 1 instead oil — Xy x^ -- 1 will then 
be the common denominator. 



^4^95^' 



3t Atl -Is&Zy tbs sr^::s :c ire SsDrt^fzaror and the sign 



We noir LiT* 



r* ^ - --» - *-a 

:^~r^ = >«_i- ^"^ 

Ir) 3;^ — ^. wnen reduced to 

Expanding the terms and renaoring the parentheses, we 
hare 

>4 

Combining like terms in the niuncrat<M', we haTe as the 

result, 

71a — ^^^ — 5df 

S4 

(1»4) (a) 45xy*-9«?<r- 360Lry= 
45<r (<;'*- ^ - ^r). Ans. (Art. 452.) 

(i) ^^ ^ -2.jAci/-f ^i/« = {a5 -f rc/)\ Ans. (Art. 457.) 

Ans. (Art. 463.) 

(185) (a) If a man builds M rods of stone wall, and 
we consider this work as positive, or -j- » the work which he 
does in tearing it down may be considered as negative, or — . 
If he tore down 10 rods, we could say that he tmi/f — 10 

rods. 

(6) See Arts. 388 and 398. 

(186, (a) -^r—^^j—^ = -^^r^'x-^. 

(Art.502.) 
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Canceling common factors, the result equals ^ — 5. 

Or I QtX I Jv 

Ans. 
a ^ x^ c^ — x* {^a^ •\' ax '\- x^ 



^^';r — x^ 
a^x — ^^;r' 



ax^ — ;r* 

[b) Inverting the divisor and factoring, we have 

Snj^m^n - 1) {2m'n + 1) (2;/^^;/ - 1) 

{2m^n — 1) {^fn'n — l)^ 3« 

Canceling common factors, we have "Zm'^n + 1. Ans. 

(^) 9 + P^y -^ (^ + FT^ j simplified = -^^—y- -> 

3^ + 2r 

Inverting the divisor, we have — 5 ^ X r^ — r^. 

^ ' ^ — J 3x+2y 

Canceling common factors, the result equals ■ ' "^ . Ans. 

(187) According to Art. 456, the trinomials 1 — 2;ir" 
+ ;ir* and 4;r' + 4;i^ + 1 ^^^ perfect squares. (See Art. 
458«) The remaining trinomials are not perfect squares, 
since they do not comply with the foregoing principles. 

24 24 

(188) (a) By Art. 481, the reciprocal of g = 1 ^ g 

_ ^ 49 _ 49 . 
"^^24-"' 24- ^''^• 

(V) Since, by Art. 481, a number may be found from 
its reciprocal by dividing 1 by the reciprocal, the number 

= 1 -3- 700 = .0014|-. Ans. 
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( 1 89) Applying the method of Art. 474, 

x^y^ 1 'ixy {x ■- 7), 2x'(x + y), ^f(x-y)\ 6x 

Zxy Vlxy '^x^x+y), Zf{x-y\ 6x 

4, "^xjx+y), y{x-y), 2 

2, ^i^+y). y{^-y\ i 

Whence, L. C. M. = (j: + 7) {x—y)3xyx2x2x 
^(^+y)Xy{x -7) = 12jr>* (;rH-j^)« {x ^y)\ 

(190) (^) 2 + 4^ - 5^7* - 6^' 

7^' 



14a:' + 28^* - 35^* - 42^j* Ans. (Art. 423.) 
{b) 4x* - 4/ + 6-3^' 

12^;' — 12xY + 18;r'^^ Ans. 

(c) db + 5c- 2d 
6a 



ISab + dOac — 12ad Ans. 

(191) (a) See Arts. 369 and 361. 
{i) See Arts. 419 and 440. 
(c) See Art. 416. 

(192) {a) On removing the vinculum, we have 

2a - [3*+ \ic - ia - {2a + 2*) | + |3a - * - c} ]. 

(Art. 405.) 
Removing the parenthesis, 

2a- [36 + {4^ - 4^-2^-2*} + {da -^ 6^c}]. 
Removing the braces, 

2a - [3b + ^ - 4a - 2a-^26+Sa-6 '- c]. 

(Art. 406.) 

Removing the brackets, 

2^/ - 3* — 4^ + 4a + 2^ + 2* — 3^ + * +c. 
Combining like terms, the result is 6a — 3c. Ans. 



ALGEBRA. 103 

(b) Removing the parenthesis, we have 

Ha— [da ^ {2a — oa + 4a\]. 
Removing the brace, 

Ha — [3a — 2a+ da-- 4^]. 
Removing the brackets, 

7a — 3d -}- 2a -- 5a -{- 4a. 

Combining terms, the result is 5a. Ans. 

(c) Removing the parentheses, we have 

Removing the braces, 

a—[2b + 3c — 3a'-a'-b-[-2a^b'-c]. 
Removing the brackets, 

a — 2lf —3c -{~3a + a + lf — 2a + b + c. 
Combining like terms, the result is Sa — 2c. Ans. 

(193) {a) (;r* 4- 8) = (-r 4- 2) (-r* - 2;r + 4). Ans. 

(b) x^ - 27y = (-r - 3j) (;r' + 3xy +9/). Ans. 
{c) xm— ntn -\- xy — ny = m {x —n) -\- y{x —n), 

or {x — n) (m + y). Ans. 

(Arts. 466 and 468.) 

(194) Arrange the terms according to the decreasing 
powers of x. (Art. 523.) 

4jr* -♦- Sax* + 4«»-r« -+- 16^»;r« -f- IQad^x -+- 16^ (2;r« + 2ax -+- U^. Ans. 
(2jr«)«='lr*. 



4Lz* + 2«;r 



8ajr» H- 4a^x^ 
Sax' -h 4a';t' 



4jr« + 4ax + 4^« 






(1 95) / . \x = — r-T — • Cancelmg c, which 

^ ' (^ + b)c ac '\' be ' 

is common to each term, we have f^ + ^+/= 1 + -L.. Ans. 
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(201) The subtraction of one expression from another, 
if none of the terms are similar, may be represented only by 
connecting the subtrahend with the minuend by means of 
the sign — . Thus, it is required to subtract 5a^d — l!a*ti^ + 
fyab^ from a* — b\ the result will be represented by a* — b*— 
{!)a*b — 7a^b* + 5^?^'), which, on removing the parentheses 
(Art. 405), becomes^*-^* - 5^'*+7^'^'-5/?*'. From 
this result, subtract 3a* — 4:a'b + 6a^b^ + hab" — 3**. 

a* — // — ^^a'b -\- 'la^b'^ — 6ab^ minuefid. 

— ',\a* f 3// + ^a^'b — (Sa'b'' — 6ab* subtrahend^ with signs 

- 'la' f- 2// - a^b + a'b'' - X^ab" changed. (Art. 401.) 

Or, - 'la" — a^'b + a'b'' — lOab^ + 2b\ Answer arranged 
according to the decreasing powers of a. 

(202) (a) da - 2b + 3c da-^^b + ^c 

2^ — 8^ — c becomes — 2/? + 8^ + ^ 

a + 6b + 4c 

when the signs of the subtrahend are changed. Now, add- 
ing each term (with its sign changed) in the subtrahend to 
its corresponding term in the minuend, we have (— 2a) -{• 
{da) = a; ( + 8*) + ( - 2^) = + 6*; (+ ^) + (3^) = +4:. 
Hence, a -\- Qb-\- ^c equals the difference. Ans. 

{b) 2x* - 3xy + 2xy 

X* -\-y — ^y^ becomes 

2x^ — 3xy + 2x/ 

— x^ — y+^y 



;r' - 3xy + 2xy' - / + xy^ 

when the signs of the subtrahend are changed. Adding 
each term in the subtrahend (with its sign changed) to its 
corresponding term in the minuend, we have x* — 3x^y + 
2xy^ — j' + ^y^i which, arranged according to the decreasing 
powers of ;r, equals x^ — 3x^y + xy^ + ^-^J* --7'« Ans. 
(c) Ua + Ab-6c-3d 

11a -2b-\-4:C-4:d 

On changing the sign of each term in the subtrahend, the 
problem becomes 
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Adding each term of the subtrahend (with the sign 
changed) to its corresponding term in the minuend, the dif- 
ference, or result, is 3^i + 6^ — lOr + ^- Ans. 

(203) The numerical values of the following, when a 
= 16, ^ = 10, and jr = 5, are: 

(a) (alfx + "Zabx) 4^i = (16 X 10' X 5 + 2 X 16 X 10 X 5) 
X 4 X 16. It must be remembered that when no sign is 
expressed between symbols or quantities, the sign of multi- 
plication is understood. 

(16 X 100 X 5 + 2 X 16 X 10 X 5) X 64 = (8,000 + 1,600) 
X 64 = 9,600 X 64 = 614,400. Ans. 

[c) {b -^V^) (:r* - *•) {a* - b*) = (10 - i/l6) (5* - 10«) 
(16» - 10') = (10 - 4) (125 - 100) (256 - 100) = 6 X 25 X 
156 = 23,400. Ans. 

(204) (a) Dividing both numerator and denominator 

^y^^^^-^' 75^ = -5^- ^^^• 

/M -^-1 (^+l)(;r-l) , ^, , . 

(^) 1 — 7 — r-TT = / / . ^x when the numerator is 
^' 4:x{x-[-l) 4jr(;r+l) 

factored. 

Canceling (^+1) from both the numerator and denom- 

X — 1 
inator (Art. 484), the result is — - — . Ans. 

(.) <;: + 2f + 'i + 2 when factored becomes 

{a - b) {a' -It a b -\- b') {a'-ab + Vy ^ ^^^'' 

C. Vol. VI.— 8. 
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Canceling the factors common to both the numerator and 
denominator, we have 

{a + b){a*-ab-\-b''){a'-\-ab-\-b') _ a-irb 
{a-b){a' + ab^ b') (a' - a b + b')~ a- b' 

a + 6)a' + b' (a'-ab + b' a-b)a'-b' {a' + ab + y 
a' + a'b a* — a'b 



- a'b + b' a'b - b* 

— a'b -a b' a'b -ab' 



ab' + b' ab'-b' 

ab' + b' ab'-b' 



(205) (a) 



1 + x 


-1 + 


X 


1 


-x' 




1+x 


+ 1- 


X 



1 — X 1 + x 1 — x' 2x 



11 1 + ^ + 1 — ^ l-x" 

l-ar+l + ;r 1 — x^ 

X —^ — = X. Ans. (See Art. 609.) 



1-x' l-x^'^ 2 

(b) ^'1, a" + b* a' + b^ 

b*'^ a ab' ab' 



a a^b" a^b- b\a - b)^ a'b - ab^ + b' 



b^ ab ab' ab' 

a* + b' . a'b - ab' + b' _ a' + b' ab' _ a + b 

ab' ' ab' " ab' ^ b{a' ^ab+b')'^ b ' 

Ans. 
(c) 1 1 4 



1 . 3 - ;r ~ 3;r + 3* 



Ans. 



1 . ^+1 4 (Art. 509.) 

^ 'd- X 

/r>^^x 3 + 2;t: 2-3,r, IQx — x' rr ,. j 

(206) ^__^ - -jzrj + ^'i _ 4 ' If the denominator 

of the third fraction were written 4 — jr", instead of ;r* — 4, 
the common denominator would then be 4 — ;ir*. 

By Art. 482,- , _^^- becomes - __ ^, ^ ^ = - 4 _ ^a - 

3 + 2;ir 2 — 3x IGx — x"" . a a . 

Hence, -^ ^r— -, 5-, when reduced to a 

% — X 2>-\- X 4:- x' ' 

common denominator, becomes 
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(3 -I- 2x){2 + x)-{^'' 3;r)(2 - x) -- {16x - x") _ 

4:-x^ ^ 

(6 + 7-^ + ^^') - (4 - 8;r + 3^') - (16;r - x*) 

Removing the parentheses (Art. 405), we have 
6 +7x + 2x^ - 4:+ Sx -- Sx^ - 16x + x^ 

4.-X' 

Combining like terms in the numerator, we have 

2-x 

4:'-X'' 

Factoring the denominator by Art. 463, we have 

2-x 
{2 + x){2-xy 

Canceling the common factor {2 — x), the result equals 

., or — ^. Ans. (Art. 373.) 



2 + x' x+2 

(207) (a) 

, ,^ 4;r-4 5x+10x'--4:X+4: lOx' + x + 4c . 

i + 2x = = ' — = ■ — . Ans. 

5x 5x 5x 

(Art. 504.) 
(*) ^^ ^+1"^ ^ = 3;r -^ 10 + j^. Ans. (Art. 505.) 

j; + 4.)dx'+ 2^+1(3^-10 + -^ 
3;r' + 12;r "*"* 

-10;r+ 1 
- 10;r - 40 



41 
(c) Reducing, the problem becomes 

x^ + 4jc — b X — 7 



x" ^ x'-Sx + 7' 

Factoring, we have 

{x + 5){x-l) x-1 

4r' {x- 1) (jr - 7)" 

;r 4- 5 
Canceling common factors, the result equals , . Ans. 
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(208) (a) Writing the work as follows, and canceling 
common factors in both numerator and denominator (Arts. 
496 and 497), we have 

8^^ 2^ ^ 90mn " 

9 X 5 X 24 X vi^n^pi'qx^f Zmnxy . 

8x2x90XwX«X/'X^X-rXj"~ 4/^* ' 

(b) Factoring the numerators and denominators of the 
fraction (Art. 498), and writing the factors of the numer- 
ators over the factors of the denominators, we have 

[a + x) (a* — ax-\- x^) (a — ;r) (« — x) 

{a -^ X) (a* + ax + x*) ^^ 

(a — x) {a* — ax -\- x^)' 

(c) This problem may be written as follows, according to 

Art. 480: 

3ax + 4: a^ 

i ^ a{dax + 4) {3ax + 4)' 
Canceling a and (3^?;r + 4), we have^ —-t. Ans. 

(209) (a) ->■ 7my ) 35my + 2Smy - 14w/ 

Ans. (Art. 442.) 

(b) a* ) 4^' - Za'b - a'b ^ 

4, -.Sab- a'b' Ans. 

(c) 4r* ) 4^ - 8^ + Ux' - 16x^ 



x — 2x* + 3;r* — 4^' Ans. 

(21 0) {a) 16a^b* ; a* + ^ab ; ^a^ - l^a^b + ba* + "iax. 

(b) Since the terms are not alike, we can only indicate 
the sum, connecting the terms by their proper signs. 
(Art. 389.) 

{c) Multiplication : Aac^d means 4 X ^ X ^ X ^ (Art. 
358.) 

. a^ + c^ + ac a' j^c^ ^V - %ac 

^^* ^) a^j^b-'-c'- "lab ^ a'c - ac' 

Arranging the terms, we have 
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a^ + ac-\-(^ a' — 2ac + ^' — ^ 



which, being placed in parentheses, become 

^' + ac + c* (ci^ ''2ac + c^) — *• 



By Art. 466, we know that a^ — 2a6 + ^\ also a^ — 2^^ 
+ ^', are perfect squares, and may be written {a — l?y and 

(a - cy. 

Factoring a*c — ac* by Case I, Art. 452, we have 

a^^ac^ c^ (a — c)' - d' _ 

a' -^ ac -{- c^ {a — c — b) {a — c -{- b) 



{a — b — c) {a — b -{- c) ac{a — c) {a^ + ac -{- ^')' 

(Arts. 463 and 466.) 

Canceling common factors and multiplying, we have 

a — C4- b a-\- b — c 

or — -, i—, — r-7 r. Ans. 



(a^ b -{- c) ac{a — cy ac{a-- b -{-c) {a — cy 

(212) The square root of the fraction a plus b plus c 
divided by n, plus the square root of ^, plus the fraction b 
plus c divided by n^ plus the square root of a plus b, plus 
the fraction c divided by n^ plus the quantity a plus b^ into 
r, plus a plus be. 

We will first reduce the fractions to a common denomina- 
tor. The L. C. M. of the denominator is 60;r', since this is 
the smallest quantity that each denominator will divide 
without a remainder. Dividing 60;r^ by 3, the first denom- 
inator, the quotient is 20-r' ; dividing 60;r' by 5;r, the second 
denominator, the quotient is 12jr; dividing 60;r^ by 12;r*, the 
third denominator, the quotient is 5. Multiplying the cor- 
responding numerators by these respective quotients, we 
obtain 20;r"(4>r + 5) for the first new numerator ; 12x{3x — 7) 
for the second new numerator, and 5 X 9 = 45 fpr the third 
new numerator. Placing these new numerators over the 
common denominator and expanding the terms, we have 
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20^(4;r+5)-12;r(3;r-7)+45 _ 80;ir'+100;r'-36jr'+84jr+45 

GOx' " 60;r* 

Collecting like terms, the result is 

%0x* + 64;ir' + Mx + 45 . 

nators is %a{a^ — ;r'), since this is the smallest quantity that 
each denominator will divide without a remainder. Dividing 
2^(^' — ^'') by 2<2(^ -|- x), the first denominator, we will 
have a — x\ dividing 2a{a^ — x"") by 2tf(^ — x), the second 
denominator, we have a + ^r. Multiplying the correspond- 
ing numerators by these respective quotients, we have 
{a — x) for the first new numerator, and {a + x) for the 
second new numerator. Arranging the work as follows: 

IX (a — x) = a — X = 1st numerator. 
1 X {a-^- x) = a -\- X = 26. numerator. 

or 2a = the sum of the numerators. 

Placing the 2a over the common denominator 2a{a^ — ;r"), 
we find the value of the fraction to be 

2a 1 . 

Ans. 



2a{a''-x'') a' - x^' 

(0 -+zrT-7,+ zr:rTZ-7, + irrr:,+ 



y x-^-y x"" -{- xy y x-^-y x-^-y 

The common denominator =j (;r+j). Reducing the 
fractions to a common denominator, we have 

^{^+j)+f+^y ^ x' + ^^y+f ^ ^+7 . ^jjg 
y{x+y) y{^+y) y * 

(214) {a) Apply the method of Art. 474: 



Qax 


nax\ 72ay\ 12xy 


2y 


3x, 12/, 2y 


3 


3,r, 6j/, 1 



X, 2y, 1 
Whence, ^ax x2yx3XJ^X2y = ^%ax'y. Ans. 
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2(1 - X) ^ 

'l, 1, 1 

Hence, L. C. M. = 2(1 + x)x 2(1 -x) = 4(1 - x'). Ans. 



4(1 + 


^), 


4(1- 


-■^), 


2(1- 


-X') 


2, 




2(1- 


-A 


1- 


- ;r 



b-c 



c—a 



(a—d) {b—c), (b—c) (c—a), (c—a) (a — b) 



(b-c), (b-c) (c-a), (c-a) 



1, 



c—a, c—a 



• 1, 1, 1 

Hence, L. C. M. = (^ — b) {b — c) (c — a). Ans. 

(215) 3^* — 3+a —ax' = (3 - a)x' - 3 + ^ = 

(3 — a) {x* — 1). Regarding ;r' — 1 as {x^y — 1, we have, by 
Art. 462, x'-l = {xy ^l = {x'-l) {x' + 1). ;r» - 1 = 
[x -1) (jr» + jT + 1) ; 4:' + 1 = (;r + 1) (;r» - ;r + 1). Art. 
466. 

Hence, the factors are 

(^•+;r+l) (x'-x+l) {x + 1) (x-l) (d-a). Ans. 

(216) Arranging the terms according to the decreasing 
powers of x, and extracting the square root, we have 

X* + xy + 4:\xY + ^xy^ + 4j* {x"" + ^xy + 2y . Ans. 
x' 



2^ + i-^/ 



a -.a 



xy + 4i;r'j/ 



a^.a 



2x' + xy+ 2y 



4;r>'' + 2xy' + 4/* 
4x>' + 2xy' + 4y* 



(21 7) The arithmetic ratio of .r* - 1 to ;r + 1 is ;r* - 1 — 
{x+l) = x'-x-2. Art. 381. 

X* — 1 
The geometric ratio of ;r* — 1 to ;r + 1 is — r-^ = ;r* -- ;r* 



+ ;r - 1 = (;ir* + 1) (4: - 1). Ans. 



^ + 1 
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(QUESTIONS 218-257.) 



(218) {a) According to Art. 528, ^ expressed radi- 
cally is 4/^; 

^x^y'^ expressed radically is 3 ^xy* ; 

3;r*j y = 3f^;r^V, since z^ = ^'. Ans. 

^ ■ 1 , 1 ^V^ . 

(^) fGF* = ;r*. Ans. f^ = x'^. Ans. 
(-^'^* = (*M)' = i^".r*. Ans. 

(219) 3V^ = /l89. Ans. (Art. 542.) 
a^bj/¥c =: jfa^¥c . Ans. 2;rf^ = f^32p. Ans. 

(220) Let jr = the length of the post. 

Then, -- = the amount in the earth. 
5 

-rr- = the amount in the water. 
7 

7:r+15;r4-455 = 35;r. 

- 13;r = - 455. 

4: = 35 feet. Ans. 

In order to transform this formula so that /, may stand 
alone in the first member, we must first clear of fractions. 
Clearing of fractions, we have 

For notice of the copyrij?ht, see page immediately following the title page. 
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/ IV, s, + flV,s, = lV,s, /. + W, J. t^ 
Transposing, we have 

Factoring (Arts. 452 and 408), we have 

- IV, s, /, = W^s,t^-{ W, s^ + W, 5.) / ; 

whence, A = - — ^-^— — :^rH- *-^- Ans. 



* % 



(222) Let X = number of miles he traveled per hour. 

48 
Then, — = time it took him. 

' X 

An 

= time it would take him if he traveled 4 



;r + 4 

miles more per hour. 

In the latter case the time would have been 6 hours less : 
whence, the equation 



JT-f 4 X 

Clearing of fractions, 

48;r = 48;r + 192 - 6;r« - 24;r. 

Combining like terms and transposing, 

6^' + 24;r=192. 

Dividing by 6, ^r" + 4;ir = 32. 

Completing the square, ^r* + ^-^ + 4: = 36. 

Extracting square root, jr + 2 = ± 6 ; 

whence, ;r=— 2 + 6 = 4, or the 

number of miles he traveled per hour. Ans. 



(2231 W J-// '■''^ // CPD- 

Cubing both members to remove the radical, 

CPB^ 



5* = 



^f+f^ 



CPiyd* 

Simplifying the result, 5' = o/v/a _i_ /• /y 
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Clearing of fractions, 

2 5yi/V+ S'fiy = CPD'd'. 
Transposing, CPD'd* = 2 S'/d' + S'fD' ; 

whence p_ ^SVd^ + S'/D' _ (U^ + L^)fS* 
wnence, y— C D'd^ C D'^d^ ' 

(b) Substituting the values of the letters in the given 

formula, we have 

p_ (2 X 18* + 30') X 864 X 6' _ (648 + 900) X 864 X 21G _ 

10 X 30» X 18» 9,000 X 324 

288,893,952 ^^ , , . 

-^^^j^^^^ = 99.1, nearly. Ans. 

(224) {a) 3;r + 6 — 2;r = 7x. Transposing 6 to the 
second member, and 7x to the first member (Art. 661), 

dx — 2x—l!x= — 6. 
Combining like terms, — 6jr = — 6 ; 

whence, x= 1. Ans. 
(d) 5-r - (3;r - 7) = 4;r - {6x - 35). 

Removing the parentheses (Art. 40S), 

5;r - 3;r + 7 = 4jr - 6;r + 35. 
Transposing 7 to the second member, and 4;r and — 6x to 
the first member, 5;r — 3;r — 4;r -f- 6;r = 35 — 7. (Art. 561 .) 
Combining like terms, 4;r = 28 ; 

whence, ;r = 28 -r- 4 = 7. Ans. 
{c) {x + 5y - (4 - xy = 21jr. 

Performing the operations indicated, the equation becomes 

.r' + 10;r + 25 - 16 + 8;ir - ;r' = 21;r. 
Transposing, x" — x^ + \Qx + 8;r — 21^ = 10 — 25. 
Combining like terms, — 3;r = — 9. 

Dividing by — 3, ;r = 3. Ans. 

(225) (a) Simplifying by Art. 538, 

2|/"48" = 2|/16 X V^= 8i/3. 
3/108 = 34/36 X V^= 18|/3! 
Sum = 29i/3. Ans. (Art. 544.) 



4^r.?t?:TO4 






-, « -r = i« *. 



znzn :=: L-« z. Jbn 






1 1 ■• 5i» 1 






^226; 



X — 42 = i=f 
7x — t>4 = x; 



X = -4C* gallons. Aii& 

(227) (a) 2 i/3x — 4: - X = 4. 

^Vr^u%\)fmn%^ Art. 579, so that the radical stands alone 
i;j the fir»t member, 2 i/3x-j- 4 = x + 4. 

H^juarJn^ tx^th members, since the index of the radical 
U undcrHfxxl to be 2, 4(3x + 4) = (x + 4)', 

or 12x+16 = x' + 8x+16. 
'rrMrmpoMing and uniting terms, 

- x' - 8x+ 12x = 16 - 16. 
— x» + 4x = 0. 
Dividing by — X, x — 4 = 0; 

whence, x = 4. Ans. 



(*) f^3x - 2 = 2(x - 4). 

HquArlng, 3x - 2 = 4(x — 4)', 

or 8x - 2 = 4x' - 32x + 64. 
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Transposing, — 4:X* + d2x + 3;r = 64 + 2. 
Combining terms, •— 4r' + d5x = 66. 

Dividing by — 4, or — = — —. 

Completing the square. 



x"- 



35x /35y _ __ ^ , 1»225 



\8/ 4 ' 64 

^ _ 2^ 4. (^y - _ 1>Q^^ I 1>^^5 __ 169 
4+V8/"" 64 "^64 ""64 

Extracting the square root, 

35 . 13 

Transposing, ;r = — ± — = 6, or 2-r. Ans. 

o o 4 

{c) Vx+ 16 = 2 + V^ becomes ;r + 16 = 4 + 4|/J + ;r^ 
when squared. Canceling x (Art. 562), and transposing, 

- 4V^ = 4-16. 

- ^^ = - 12. 

|/5=3; 
whence, ;r = 3' = 9. Ans. 

(228) {a) ,^^zrE=i^2E±ME., 

Clearing of fractions, 

xi^Zx - 5 = 4/7^' + 36;r. 

Removing radicals by squaring, 

x\Zx - 5) = 7;r' + 36r. 
Zx" - 5;r' = 1x^ + 36r. 

Dividing by x, 3x^ -5x = 7x + 36. 

Transposing and uniting, 

3;r' - 12^ = 36. 

Dividing by 3, x' - ^ = 12. 
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^T.'ininiriini: the square, 

j^-4x+4=16. 
F:v:r:ar:.Ty: :hc sqxuire root, 

x-'2= ±4; 

vbcn».-*e, X = ti, or — 2. Ans. 

J"* — ^^ — a)c = ax — bx-\- ex. 
'r"'i.r>vX-'SUT^:. r* — ^JT — ^x — rx = (^ — ^y. 
*\ .\ - \ - ru: I"* — . i? — /► — r^x =i be — (u. 

v^Vi. \- r^j: ;r — > — . ' *< the coefficient of x, and com- 

(J — r ~cy 



4 



" 4 





— 


^1 


-b 





c 










• 


X 


^^ 


<» . 

wk« 


-^ 


5p 


or 


2c 



X = jc — .\ or I. Ans. 

^ « ~ £ ; ~ I I r ~ $ » = O, becomes 

^ i . ' — ^r — T? = v\ when expanded 

^^ • ^^^ ^i-M -^— "~^ •^,. 
^^ -*^-»^ -* 






V >;.^ .»u \. •- — »-- ^^ k. '— rA. 



% >vf -roj. - = I — I :3. Ans 



'-fiV * • 



.1 — f\{X ~ 7> 



• . > 
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pleting the square, 

x" - ^bx + ^a^V = ^* + la^V + b\ 
x — ^ab^ ± {a^ + *'). 

x={a* + 2ab + b% 

or - (a' - %ab + b% 
x=: {a + by^ or— {a — by. Ans. 

1 1 1 . 

4" / = y becomes 



— 4/^— 1 + 4/IF+I = 1 when cleared of fractions, 
tring, 

. 1 — 2/^ - 1 + ;r + 1 = 1. 

— 2-/;ir' - 1 = 1 - 2;r. 

iring again, 4;r' — 4 = 1 — 4r + 4^. 

:eling 4^* and transposing, 

4;r=5. 

;r = 7- = 1-r Ans. 
4 4 

0) 5;r - 2j/ = 51. (1) 

19;r - 3j/ = 180. (2) 

^ill first find the value of x by transposing — 2j to the 
member of equation (1), whence bx = 51 + 2/, and 

gives the value of x in terms of y. Substituting the 
)f X for the x in (2), (Art. 609.) 

19(51 + 27) 



5 



3/ = 180. 



A' 969 + 38 J _ ... 
andmg, — 3 j/ = 180. 

ring of fractions, 969 + 38 j/ — 15^ = 900. 

isposing and uniting, 23 j = — 69. 

J/ = — 3. Ans. 

itituting this value in equation (3), we have 
X = — z — = 9. Ans. 



-r^.iltZ^ 



J^ 



^ = i. 



S' — £ S ^=z. T s £ H 









£ T. 



r — txT — P 
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acting square root, 

^ , a-b _ ,a + d 

a — b a ■\- b 
or x= ^ 2-=-''- 

•efore, ;r = 3, or —a, Ans. 

2) Let X = rate of current. 

y = rate of rowing. 

n stream, the rowers are aided by the current, so 

= 12. 

e it takes them twice as long to row a given distance 

jam as it does down stream, they will go only — as far 

1 
)ur, or — of 12 = 6 miles per hour up stream. 

^+j/=12. (1) 
-x^y^ 6. (2) 

tracting, %x = 6, and ;r = 3 miles per hour. 

Ans. 

J3) {a) ^ ^— = 10(^ - 1). 

ucing the last member to a simpler form, the equation 
es 

ring of fractions by multiplying each term of both 

2rs by 6, the L. C. M. of the denominators, and chang- 

e sign of each term of the numerator of the second 

»n, since it is preceded by the minus sign (Art. 567), 

^e 

20;ir + 6 - V^x + 21 = mx - 60. 

isposing terms, %^x — 18;ir — mx = — 60 — 21 — 6. 

ibining like terms, — 58;r = — 87. 

Qging signs, h^x = 87 ; 

whence, ;r = — = 1 — . Ans. 

Do /6 

Vol. VI.--9' 



^^k^ 



— ••» • »'• 



szrannzzza 






-IT- ~ -d^ — 3>^ = :> -I ^A 



■^ JL 



JOT 






r — -' 



JISL 



♦ J- — i « 



r— 4 



^'-- n-r — I 






T r*f*^;/Air,ic ^''^' ^-.r.'-^e'.ir.i^ x i Art. 

f/J = 5. 
;r == 25. Ans. 
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(238) (a) |/| by Art. 540 = V^ = 1^=^^ 



Ans. 



(c) sf^ = sj/^—x-, = -V^^' = V^^'- Ans. 



(239) W ?£±i» = ^£^)+£ = , 

When the denominators contain both simple and com- 
ound expressions, it is best to remove the simple expressions 
rst, and then remove each compound expression in order. 
*hen, after each multiplication, the result should be reduced 
D the simplest form. 

Multiplying both sides by 36, 

Clearing of fractions, 

144^ - 432 = 100;r - 80. 

Transposing and combining, 

whence, x = S. Ans. 

{6) ax = ~ becomes, when cleared of fractions, 

2ax — Sa-^ 6x=l, 

Transposing and uniting terms, 

2ax + tx= da + 1. 

Factoring, {2a + ^);r = 3a + 1 ; 

whence, x = - — -7— r- Ans. 

Za -f- 



1« 
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(r) itm ~ r ? = i !, irben cleared of fractions = 

r «. 

Facioriiic^, \r — -^wU = hnr(/f — am) ; 

hmih — am) . . 

X = — J -— = dm. Ans, 

(/• — if iif ) 

(1) 

(2) 

(3) 
(4) 

(5) 
(6) 



j;r= 36, 
Squaring: ^ ""^ isavt 

J!^ — 4jt ~ f* = 169. 

Muliiplyinir (;5> by 4, 4ji-r = 144. 

Subtracting ^4> fr<.Mn ^^V 

Kxixaoting the square rcvM ctf (,>), 

Addinir ^t^> And ^1 V -^jt = IS or S, 

X = ^ or 4. Ana 
Snbstiiuiing the valne ci x in (1>, 

9— ,7 =1S, 

or 4 — » = IS; 
whence^ r = 4, ( » 



or 



(2-41) 



1* = ^ 



(1) 

From v:i>, x = ^ + jr, (3) 

§ubsiituting the value of x in (1), 

S — l:Jr -r ^y -f ,»* -y = ^ 
Combining and transposdng^ 

y + \r = 15. 
y + tr+l = 15+l = l«. 
/ + 1=±4. 

r = 3^ or — 5. Ana 

Substituting the value of r in (3), x = 5, or — 3. Ans. 
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(242) Let X = the whole quantity. 

^x 
Then, -— + 10 = the quantity of niter. 

o 

X 1 

-• — 4^ = the quantity of sulphur. 

1 l^x \ 

-I-— + 10l— 2 = the quantity of charcoal. 

Hence, ;r = ^ + 10 + J- 4 + y(T +^^)'' ^' 

Clearing of fractions and expanding terms, 

42;ir = 28;r + 420 + 7;r - 189 + 4;r + 60 - 84. 

Transposing, 

42;r - 28;r - 7;r - 4;r = 420 - 189 +60-84. 

Zx = 207. 
;r = 69 lb. Ans. 

(243) Let X = number of revolutions of hind wheel. 
Then, 51 + ;r = number of revolutions of fore wheel. 

Since, in making these revolutions both wheels traveled 
the same distance, we have 

16;ir = 14 (51 + x). 
16.r = 714 + 14;r. 
%x = 714. 
X = 357. 

Since the hind wheel made 357 revolutions, and since the 
distance traveled for each revolution is equal to the circum- 
ference of the wheel, or 16 feet, the whole distance traveled 
= 357 X 16 ft. = 5,712 feet. Ans. 

(244) {a) Transposing, 

5.;r* - 2;r» = 24 + 9. 
Uniting terms, 3jr* = 33. 

x" = 11. 
Extracting the square root of both members, 

r = ± yTT. Ans. 
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,.x J L-I 

Clearing of fractions, 9 — 2 = 28;r*. 
Transposing terms, 28;r* = 7. 

•^ -4' 
Extracting the square root of both members, 

;r = ± — . Ans. 

^""^ 5 15 ""^ 25 • 

Clearing of fractions by multiplying each term of both 
members by 75, the L. C. M. of the denominators, and ex- 
panding, 

15;r' - 5;r* + 50 = 525 - 150 - dx\ 

Transposing and uniting terms, 

13;r» = 325. 

Dividing by 13, ;r' = ^ = 25, 

or ;r = ± 5. Ans. 

(245) 44r+3j = 48. (1) 

- 3r + 5j/ = 22. (2) 

From(l), ^^^^' (3) 

From (2), j. = ^±^. (4) 

Placing (3) and (4) equal to each other, 

48 - 4;r _ 22 + Sx 

3 "" 5 • 
Clearing of fractions, 

240 - 20;ir = 66 + 9x. 

Transposing and uniting terms, 

- 29;r = - 174, 
or x= 6, Ans. 

Substituting this value in (4), 

22 4- 18 

y = ^- = 8. Ans. 

"^ 5 



ALGEBRA. 131 

(246) Let X = speed of one. 
;r + 10 = speed of other. 

Then,-^ = number of hours one train required. 

— \ ^^ = number of hours other train required. 
ar+ 10 ^ 

1,200 _ 1,200 , ,, 

"T- - JHhlo + ^^• 

l,200;ir + 12,000 = l,200;r + 10^' + 100;ir. 
- lO.r'' - IOOjt = - 12,000. 
10;ir' + 100jr = 12,000. 
;ir' + 10;r= 1,200. 
;!;• + 10;ir + 25 == 1,200 + 25 = 1,225. 
;r + 5 = ± 35. 

;r = 30 miles per hour. ) . 
;r + 10 = 40 miles per hour. ) 



> cleared of fractions, becomes 



(247) 2;r-'?^-^-4 = 

3r + ^^-9 = 

10;r-j/ + 3-20 = 0. (1) 

9r + ^-2-27 = 0. (2) 

Transposing and uniting, 10;r — _;/ = 17. (3) 

x+9y = 29. (4) 

Multiplying (4) by 10 and subtracting (3) from the result, 

10;r + 90j/ = 290 
lOr- j= 17 

91j/ = 273 
J/ = 3. Ans. 

Substituting value of ^ in (4), 

;r+27 = 29. 

x= 2. Ans. 

(248) (^^) 4^ X V^ = 2* X 3*. (Art. 547.) 
2*x3* = t^Xi^=f^32x 27 =^864. Ans. 
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'^Sa'x'\ Ans. 
(c) 2/ry X 3f^ = 2 X 3(^J')* X {^y)^ = 6 i<?y7 Ans. 

(249) Let X = the part of the work which they all can 
do in 1 day when working together. 

Then, since 1 = A 1+1 + ^ = ;^; 

or, clearing of fractions and adding, 

15 = SOx, and ^ = k"- 

Since they can do — the work in 1 day, they can do all 
of the work in 2 days. Ans. 

(250) Let T = value of first horse. 

y = value of second horse. 

If the saddle be put on the first horse, its value will be 
X + 10. This value is double that of the second horse, or 2/, 
whence the equation, ;ir -|- 10 = 2j. 

If the saddle be put on the second horse, its value is j + 10. 
This value is $13 less than the first, or ;r — 13, whence the 
equation, y+10 = x-T 13. 

;r+10 = 2j/. (1) 

j; + 10 = ;r-13. (2) 

Transposing, x — 2jy= — 10. (3) 

- jr + J/ = - 23. (4) 

Adding (3) and (4), - j = - 33. 

y = $33, or value of second horse. Ans. 

Substituting in (1), ;r + 10 = 66 ; 

or X = $56, or value of first horse. Ans. 

(251) Let X = A's money. 

y = B*s money. 

If A should give B $5, A would have ;r — 5, and B, j + 5. 
B would then have $6 more than A, whence the equation, 
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j+5-(^-5) = 6. (1) 

But if A received $5 from B, A would have ;r + 5, and B, 
y—6y and 3 times his money, or 3 (^ + 5), would be $20 
more than 4 times B's, or 4 (^ — 5), whence the equation, 

d{x + 5) - 4( J - 5) = 20. (2) 

Expanding equations (1) and (2), 

j + 5-;ir+5=6. (3) 

3;r +15 - 4j/+ 20 = 20. (4) 

Transposing and combining, 

J' - ^ = - 4. (5) 

- 4jK + 3;r = - 15. (6) 

Multiplying (5) by 4, and adding to (6), 

4^^ — 4;ir = — 16. 
'-4:y + dxz= -15. 

- ;r = - 31. 
X ±= 31. 

Substituting value of x in (5), 

J - 31 = - 4. 
J' =27. 

Hence, x 

y 



= $31, A*s money. ) . 
= $27, B's money. J ^^ 



(252) {a) x'-6x = 16. 

Completing the square (Art. 597), 

.r* - 6;ir + 9 = 16 + 9. 
Extracting the square root, ;ir — 3 = ± 5. 
Transposing, jr = 8, or — 2. Ans, 

{6) .r* - 7^ = 8. 

X = H — • 

whence, 4r = 8, or — 1. Ans. 



f*| JLLTxEBRA^ 



fO 


y^ ^'^j- -^ -J"^ 


lK'7'Ain^ w :>, 


> i 







Ovmp(^ngf the =wuar^ 



3 VV "^3 >"" t>" 



»J 'J 



Tr;%iwp^Ainj^ 






3 3 3' 
'^^ "=3'-3=~3=-^ 



Th/Jf <^^>f e, X = :^, or — L Ans, 

(2I>») (^ - ^r ^ = ^*' Ans. (Art. 526, HL ) 

(wV5ir')-» = «r'i(^-* = «-*«-t = ^^- Ans. 

(/?// *;i : c'^d /«, or ^cd'"*, or \ -j^. Ans. (Art. 530.) 

(254) 

Xa'X X ^ ntjmJH;r of quarts of 90-cent wine in the mixture. 
y : number of quarts of 50-cent wine in the mixture 

Then, x+y=(',0, (1) 

fttid 90;r + 50^ = 4,500 = 75 X 60. (2) 

MtiHlplyinK (1) by 50, 

50^ + 60y = 3,000. (3) 

HitbtrttoHiiK (a) from (2), 

40^ = 1,500; 

whctUT., .r = 37- qt. Ans. 

MulllplyluK (I) l)y m), m).r+ 00/= 5,400 (4) 

SuhtrttOtluK (»). iH) .r+ 50 ^ =4,500 (2) 

40 r= 900; 

wlvcixco. / = 2*3- qt. Ans. 
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(255) Let X = the numerator of the fraction. 

y = the denominator of the fraction. 

Then, — = the fraction. 

y 

%x 2 
From the conditions, — -r-s = rr, (1) 

^ + 7 3* ^ ' 

and ^ = \. (2) 

2j/ 5 ^ ' 

Clearing (1) and (2) of fractions, and transposing, 

Qx=2y+ 14, (3) 

and 5;r = 6j/ — 10. (4) 

o 1 • ^ 2J+14 J/ + 7 ,^, 

Solvmg for x, x=i -=^-^^ — = -^ ^ . (5) 

o 



Equating (5) and (6), 



,= S1^. ^ (6) 

j+7 _ 6j/-10 
3 " 5 • 

Clearing of fractions, 5j + 35 = 18y — 30 

whence, 13j/ = 65, 
or, J/ = 5. 

Substituting tnis value oi y in (3), 

6;r=10+14 = 24; 
whence, jr = 4. 

4 
Therefore, the fraction is — . Ans. 

5 

(256) Let X = digit in tens place. 

y = digit in units place. 

Then 10;r + .^^ = the number. 

From the conditions of the example, 

10;r + J = 4:{x+y) = 4:X + 4y ; 
whence, 3y = 6;r, 
or y = 2x. 

From the conditions of the example, 

10x+y + lS= lOy+x; 
whence, 9^ — 9;r = 18. 



SubsLinxdng tbr Taint of j , found above;, 

IS^-— fejr= IS; 

Hcnoe, tiicinimber = 10x^1= 2iL»-r-^ = M. Aiwi 

(25T) I-«i - = gTfatcr number. 

jf • = iess nxunbcx, 

and J^-^ = J («) 

deanng of frani.-GS. 4jr — If = ISr, 

and ^^T^^16 = jr; 
▼beace, li^T— 4jr = l€. (3) 

e?- jr=-l«. (4) 

lIuhiplTiiig (4) br 4, and s:iircractrng from (3) 

or J* = 1^ Ans. 
SubsdtTiting in (4V S^— x=— 16; 



LOGARITHMS, 

(QUESTIONS 258-272.) 



(258) First raise ^ to the . 29078 power. Since f^ = ^, 

^\ _ 2-""«, and log 2-""'" = .29078 X log 2 = .29078 X 
.30103 = .08753. Number corresponding = 1.2233. Then, 

(200\ •'•'>^" 
^j = 1 - 1.2233 = - .2233. 

We now find the product required by adding the log- 
arithms of 351.36, 100, 24, and .2233, paying no attention to 
the negative sign of .2233 until the product is found. (Art. 

6470 

Log 351.36 = 2.54575 

log 100 = 2 

log 24 = 1. 38021 

log .2233 = 1.34889 

sum = 5.274.85 = 

(/200\ •***'^* \ 
1 - Ij^J J 

Number corresponding = 188,300. 

The number is negative, since multiplying positive and 

negative signs gives negative; and the sign of .2233 is 

minus. Hence, 

;r= — 188,300. Ans. 

(259) {a) Log 2,376 = 3.37585. Ans. (See Arts. 625 
and 627.) 

{b) Log .6413 = 1.80706. Ans. 

(c) Log .0002507 = 4.39915. Ans. 

For notice of the copyright, see page immediately following the title page. 
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(260) (a) Apply rule, Art. ©52. 

Log 755.4 = 2.87818 
log .00324 = 3.51055 

difference = 5.3C763 = logarithm of quotient. 

The mantissa is not found in the table. The next less 
mantissa is 36754. The difference between this and the 
next greater mantissa is 773 — 754 = 19, and the P. P. is 
763 — 754 = 9. Looking in the P. P. section for the column 
headed 19, we find opposite 9.5, 5, the fifth figure of the 
number- The fourth figure is 1, and the first three figures 
233 ; hence, the figures of the number are 23315. Since the 
characteristic is 5, 755.4 -^ .00324 = 233,150. Ans. 

{b) Apply rule. Art. 652. 

Log .05555 = 2.74468 
log .0008601 = 4. 93455 

difference = 1.81013 = logarithm of quotient. 

The number whose logarithm is 1.81013 equals 64.584. 

Hence, .05555 -f- .0008601 = 64.584. Ans. 

{c) Apply rule, Art. 652. 

Log 4.62 =_. 66464 
log. 6448= 1.80943 

difference = .85521 = logarithm of quotient. 

Number whose logarithm = .85521 = 7.1648. 

Hence, 4. 62 -4- . 6448 = 7. 1648. Ans. 

iOM\ ,,_ 238X1,000 

i^oi; X - .0042-"" • 

Log 238 = 2.37658 
log 1,000 =^^ 

sum = 5. 37658 = log (238 X 1,000) 

Log .0042 = 3.6 2325 

.6602 

124650 
373950 
373950 

.411469650 or .41147. 
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.6602 
-3 



— 1.9 8 6 = characteristic. 
Adding, .41147 
-1.9806 



2.43087 (See Art. 659.) 

Then, log P^ Q^2^.y ) = 5.37658 - 2.43087 = 6 94571 = 

6 94571 
74 log x\ whence, log x=i — = 9.38609. Number 

whose logarithm = 9.38609 is 2,432,700,000 = x. Ans. 

(262) Log . 00743 = 3. 87099. 

log .006 =3.77815. 

>^^. 00743 = log .00743 ~ 5 (Art. 662), and :^G006 = log 
.O06-T-.6. Since these numbers are wholly decimal, we 
apply Art. 663. 

5 ) 3.8 7 09 9 

1.5 7 4 1 9 = log |/. 00743. 

The characteristic 3 will not contain 5. We then add 2 
to it, making 5. 5 is contained in 5, 1 times. Hence, the 
characteristic is 1. Adding the same number, 2, to the 
mantissa, we have 2.87099. 2.87099 -r- 5 = .57419. Hence, 

log f^. 00743 =1.57419. 

.6) 3. 77815 .6 is contained in 3, — 5 times. 

5. .6 is contained in .77815, 1.29691 times. 

' L29 6 91 



sum = 4.2 9 6 9 1 = log :^.006. 

Log >^00743 = 1.57419 
log ;^C006 =4.29691 

difference = 3.27728 = log of quotient. 
Number corresponding = 1,893.6. 

Hence, f^. 00743 -^ :^^T006 = 1,893.6. Ans. 
C. Vol. VI.— JO. 
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(*) .76'"._ 

Log. 76 = 1.88081. 1 + .8 80 81 

(See Arts. 658 and 659.) 3. 6 2 

176162 
528486 
264243 



3.1885 3 22 
— 3.6 2 



1.56 853 = log .37028. 

Hence, . 76' ••* = . 37028. Ans. 

(c) .84-". _ 

Log .84 = 1.92428. 1 + .9 2 4 2 8 

.38 



739424 

277284 

.3512264 
— :3 8 



1.97 123 = log .93590. 
Hence, .84-" = .93590. Ans. 

«/ 1 6/23 

(267) Log y — - — log y — = logarithm of answer. 

Kt*±u 71 

Log y^ = ^(log l-Iog 249)= I (0-2.39620) = -.39937 
= (adding + 1 and - 1)1.60063. 

Log y^ = ^(log 23 - log 71) = i (1.36173 - 1.85126) = 
71 o 

g^ (-.48953) = - .097906 = (adding + 1 and - 1) 1.902094, 

or 1.90209 when using 5-place logarithms. 
Hence, 1.60063-1.90209=1 69854= log .49950. Therefore, 

f^-l^^ = . 49950. Ans. 

(268) The mantissa is not found in the table. The next 
less mantissa is .81291 : the difference between this and the 



& LOGARITHMS^ 

ext greater mantissa is iOJ^ — ^L = 7, and the P. P. fe 
niO:] — ..^liOI = 1 Looking^ in the P. P. section for the 
oiamn headed 7. w^e ind oppoate t. L -1* the fifth figure of 
he number: the fourth figure is 0, and the first three 
igures. ^o^. Hence, the number whjose logarithm is. 81 293 
s6.5«103, Ans. 
t,5'lAA*) = logarithm of 3:]-k»5o. Ans (See Art. tt40.) 
r.*i7*>31 = l«-jgarit'nm of .I'^^OS. Ans. We choose 3 for 
the fifth figure because, in the proportional parts column 
headed •i:3, ^.0 is nearer S than ^.i. 

(26SF) The most expeditions way of solving this ex- 
ample is the following: 

Substituting values given, v^ = 1.41)5 \ 



16.421 



- . , ^og 134.7 — log 16.421 ,„,,, , 
Log t\ = log 1.4t}5 + -^ ^^^P = .17464 + 

2^12037 - 1.21540 _ ^^^^^ _» .^4821 = .82285 = log 6.6504; 

1741 
whence, x/, = 6.6504. Ans. 

X T //7.1B0 5X 4,764.2' X 0.00a26^ _ 1 
(270) Logy - .000489X 457'X .576- - sl^^^^^'^^^^ 
4- 2 log 4,764.2 + 5 log .00326 - (log .0<M)4S1» + 3 log 457 + 2 
log. 576)] = '^•'^^^^^ 7 4.18991 ^ ^ g^iyiyry ^ iQg .020786. Ans 

Log 7.1895= .85670 
2 log 4,764.2 = 2 X 3.67799 = J^. 35598 
5 log .00326 = 5 X 3.51322 = 13.56610 

suin= 5.77878 

Log .000489=4.68931 
3 log 457 = 3X2.65992=7.97976 
2 log .576 = 2 X T.76042 =T52084_ 

^«;;^ = 4.18991. 
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(271) Substituting the values given, 

8,000 /3 V'''' /3\ 

mm^[lQ) 8,000 ^jgj 

/ = - ~ 



a. 18 



;^P X 2.25 "" 2.25 

Log/ = log 8,000 + 2.18 log^ - log 2.25 = 3.90309 + 2.18 

(log 3 - log 16) - .35218 = 3.55091 + 2.18 X (.47712 - 
1.20412) = 1.96605 = log 92.480. Ans. 



2.18/ /) //^ 

(272) Solving for ^ ^ = ^ 9^000 " 
Substituting values given. 



= f ^ 



1,000 

_ log .044 _" 2.64345 _ - 2.18 + .82345 
^ ^.18 ~ 2.18 ~ 2.1S 
1, 37778 = log . 23863. Ans. 



Geometry and Trigonometry. 

(QUESTIONS 273-354.) 



(273) When one straight line meets another straight 
line at a point between the ends, the sum of the two 

adjacent angles equals two right angles. Therefore, since 

4 
one of the angles equals ^ of a right angle, then, the other 

10 4 

angle equals —-, or two right angles, minus—. We have, 

then, -^ — — = ■=-, or 1— right angles. 

o 

(274) The size of one angle is — of two right angles, or 
r-of a right angle. 



(275) The pitch being 4, the number of teeth in the 
wheel equals 4 X 12, or 48. The angle formed by drawing 
lines from the center to the middle points of two adjacent 

teeth equals 7^ of 4 right angles, or — of a right angle. 

(276) It is an isosceles triangle, since the sides opposite 
the equal angles are equal. 

(277) An equilateral heptagon has seven equal sides ; 
therefore, the length of the perimeter equals 7 X 3, or 21 
inches. 

(278) A regular decagon has 10 equal sides ; therefore, 

40 
the length of one side equals — , or 4 inches. 

(279) The sum of all the interior angles of any polygon 
equals two right angles, multiplied by the number of sides 

For notice of the copyright, see page immediately following the title page. 
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(288) (See Art. 734.) 

(289) In Fig. 2, A B = 4. inches, and A = 6 inches. 
We first find the length oi D O. D0 = VoTA^ -I?X^ ; but 

0A^=6\ or 36, and 'DA'' = (^\ or 4; 

therefore, D0 = |/36 - 4, or 5.657. 

D C= CO-D O, or D 0=6- 5, 657, or 
.343 inch. In the right-angled triangle 
ADC, we have A C, which is the chord of 
one-half the arc A CB, equals f/2"+.343\ 
or 2.03 inches. fig. 2. 

(290) The method of solving this is similar to the last 
problem. 

Z>6> = >/9^=^, or 2.236. Z>C= 3 - 2.236 = .764. 
AC= /2*-f .76?, or 2. 14 inches. 

(291) Let HK of Fig. 3 be the section; then, B I 
= 2 inches, and HK=i% inches, to find A B. H/ {=3 

C^ ^JT inches) being a mean proportional 

between the segments A I and I B^ we 

have 
\B BI:HI::HI:IA, 

or 2 : 3 :: 3 : 1 A. 




Pig. 8. 



Therefore, I A = 4^. 

4/ 



AB = AI+IB; therefore, ^ i5 = 4^ -f 2, or 6^ inches. 

(292) Given O C=5j inches, and 0A= 1^, or 8-^ 

inches, to find AB (see Fig. 4). CA, 
which is one-half the chord A B, equals 

VOA'^-'OT^'; 



therefore, CA = 4/(8^)' - (5f )*, 

or 6.26 inches. Now, AB = 2xCA; 
therefore, -4 -fi = 2 X 6. 26, or 12. 52 inches. 




Fig. 4. 



'I -i-5Tj 

^ 3 

'2SKV> --11^ iTC .z:tsr=qted ^sErnais — of -k ar3 qaadrants. 



zji *-ji± : zacr: beti Lr^^e s TTf ks*ir pd by iiije-^ialf the intercepted 
^TT. "V"^ ':3.:^f^ ^ =: 1^ iTSii'imrs js the azc of the angle. 

'M^ft4- 3 TTir t::^zz mg^ra -^ ^ =^ 4 X ^. or 14 equal 

"^ ^ . ,- , . ... .24 

*M^ T'-HJ:? i* .ncnes -^qoais tne p^nmerer. we have — , 



8 
r ; r:_nr:s, -i ■-::^ cn,r:ii :t ^a»;h sde or chord. 

* * 

i , |i I ^ I — >. it:* = 7. '?4 -nches diameter. 

. . A I 10.5 .^. - ^ An 

I-.—iii. -:i - =--^— = — i^j— ^ or j.'io inches. AU 



''•^^ --riirt-i liscirLce bersreen. the arcs D 17 is equal 
' "* -: .'.4 -:. JP— C^P. In the 

r.^rht-angted triangle ^ C 0, we 

'zaTe 



:r .^ (7= « 16^ — "iT. 5^-25 = 11.9 
:=.cries. 




' v--t::=^ 7=^~r7^- A /* = 11.9. OP=OC+CF 
^ "^ • ■ _ y', ^ ..-: i ir.:he<. J A ^ A P=: 13 + U = 26 

^ ^ ■" «»-< *r. — •'■. ^ — ^. « >'. .^^^ •?. -^ ^ * >* * * 

(297) Giver. A P = I'^y i-ches, OA=S inches, and 
AC= o. 2 o mciies. Fi g. 6. 

^ <: = > T77 - TT* = ♦ ^* - o.to' = 
0,03 inches. 

C P= Va~P^ — ^^ = 11-9 inches. 
QP^OC -r CP=^m + 11.9 = 

Pig. 6. 

1 7 0'5 inches. 

/;//— ^yi ^ AP- OP- 8 + 13 - 17.93 = 3.07 inches. Ans. 

(298) AB= 14 inches, and /}£=3|- inches, Fig. 7. 
r/i — HI) i» a mean proportional between the segments 
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AE^ndE B, Then, 

AE: CE\\CE\EB, 

or ^\CE\\CE\\^\ 
4 4 




or CE^ = 3t X 10^ = 34.9375. 

4 4 

Extracting the square root, we have 

C£=5.91. 

2X CEz= CD = 2 X 5.91, or 11.82 inches. Ans. 

(299) In 19° 19' 19'' there are 69,559 seconds, and 

in 360°, or a circle, there are 1,296,000 seconds. There- 

69 559 
fore, 69,559 seconds equal -, c^da nnn ? ^^ .053672 part of 



1,296,000' 



a circle. Ans. 



(300) In an angle measuring 19° 19' 19' there are 

69,559 seconds, and in a quadrant, which is — of 360°, or 

90°, there are 324,000 seconds. Therefore, 69,559 seconds 
69,559 



equal 



324,000 



, or .214688 part of a quadrant. Ans. 



OQ 1 

(301) Given, OB=^ 0A=^, or 11^ inches, and 

angle A O B = ^ of 360°, or 36°. (See Fig. 8.) In the 
right-angled triangle COB, we have 

sin COB = ^orCB=OBx sin COB. 

Substituting the values oi O B and sin 
CO B^ we have 

C^=llixsinl8°, 




Pig. a 



or Ci5 = lli- X . 30902 = 3. 55. 

4t 



Since AB-^ CB, ^ ^ = 2 X 3.55 = 7.1 inches. 
The perimeter then equals 10 X 7. 1 = 71 inches, nearly. 
Ans. 
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(302) i>r = -ir 50' 60^ 

U' 35 34.^' Ans. 



OnS) The side i5 r = t .^ i5* - .-i C% or BC^ 

% l:TTi>* - '.r:^ = t •U:.S73H = l-t ft. 9 in. To find the angle 

BA C we have cos BA C='^^or cos BA C = ^ = 

.55116. 

.5511^5 equals the cos of 56"^ 33' 12.5'. 

Angle ABC= ^M'f — angle ^. -I C, or 90° — 56'' 33' 12.5' = 
33^ 26' 47.5'. 

(304) 159° 27' 34.6' 

25° 16' 8.7' 
3° 48' 53 ' 



188° 32' 36.3' 



(305) Sin 17° 28' = .30015. 

Sin 17° 27' = .29987. 
.30015 — .29987 = .00028, the difference for 1'. 

37 

.00028 X ^ = .00017, difference for 37'. 
by) 

.29987 + .00017 = .30004 = sin 17° 27' 37', 

Cos 17° 27' = .95398. 
Cos 17° 28' = .95389. 

.95398 — .95389 = .00009, difference for 1'. 

37 
.00009 X g^ = .00006, difference for 37'. 

.95398 - .00006 = .95392 = cos 17° 27' 37'. 

Tan 17° 28' = .31466. 
Tan 17° 27' = .31434. 

.31466 - .31434 = .00032, difference for 1', 

S7 
.00032 X ~ = .00020, difference for 37'. 

.81434 + .0002 = .31454 = tan 17° 27' 37*. 

Sin 17° 27' 37' = .30004) 
Cos 17° 27' 37' = .95392 [ Ans. 
Tan 17° 27' 37' = .31454) 
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^06) From the vertex B^ draw B D perpendicular to 
, forming the right-angled triangles A D B and B DC, 
he right-angled triangle A D B^ ^ i? is known, and also 
angle A, Hence, B D ^ 26.583 X sin 36° 20' 43'' = 
83X. 59265=15. 754 feet. ^ Z>=26.583Xcos 36°20'43''= 
83 X .80546 = 21.411. AC-AD=M<)- 21.411 = 
89 feet =. D C, In the right-angled triangle B D C, the 

sides B D and D C are known ; hence, tan C = -jYt ~ 

54 

^ = .84749, and angle C= 40° 16' 52^ Ans. 

BD 15.754 15.754 ^, ^^ oi^. . .• 

= -^-7^ = -' — TT^oy^rTKh = iiAa-A = ^^- 37, or 24 ft. 4. 4 ni. 
smC sm40 16 52 .646o4 . 

Ans. 

ngle B = 180° - (36° 20' 43^^ + 40° 16' 52'') = 180° - 76° 

JS" = 103° 22' 25^ Ans. 

^07) This problem is solved exactly like problem 
305. 

Sin of 63° 4' 51.8"= .89165. 

Cos of 63° 4' 51.8*= .45273. 

Tan of 63° 4' 51.8" = 1.96949. 

»8) .27038 = sin 15° 41' 12.9". 

.27038 = cos 74° 18' 47.1". 
2.27038 = tan 66° 13' 43.2". 

^09) The angle formed by drawing radii to the 
emities of one of the sides equals -itt-, or 32° 43' 38.2". 

The length of one side of the undecagon equals 

3 in 

— , or 4.6364 inches. The radius of the circle equals 



1 

i of ^-6364 _ 2. 3182 __ 

►f i (32° 43' 38.2") " 728173 " ^'"^^ '''''^^^' ^''^' 

^lO) If one of the angles is twice the given one, then it 
t be 2 X (47° 13' 29"), or 94° 26' 58". Since there are 
right angles, or 180°, in the three angles of a triangle, 
third angle must be 180 - (47° 13' 29" + 94° 20' 58"), or 
19' 33". 



ISiZyMSTTLT Jjni T23GOXOMBTRT. 

1 I- .TTtt cc ins anpiB s noc-hzZf as large as the 
^T^ .- ii^i r nuHC » ^ cc r?' **^ 17\ or 3V 54' 8.5'. 

MT — (75* *?* ir-r 3T* ^ aS'), or 



•«*» 



12K vETci -S, fljim -ff D peq>endicii]ar to 
nr njrtc-jmjgr'mr irimg-Vs ADB and BDC. 
r-z r-iaapit A Z^ I^^ A Bis^ kaown, and also 
^:-n:^ / r=5ir A xA ^=sin 54* 54' 






jt^ =:A.«4f«!L 



:s.-"*' 



=.»»2, and, hence, 



- :^ ;^ M" — «* 45' SCO = ISO - 137' 



> - =:fz^X cos W M^ W = 16r^X 



= 5.^X cosSr 4Sr 30' = 13^X 



• ^Vl? — "LVOeSt = 11.143 = 11 ft 



,^^^^ .. ;. .-^^rtihi Mgte ©qnals U** 47' lO*, 

^ V V :v 4Tli^, or44°21'30'. 2^ 

. «' . CC3AJ5 one of the other two 
>-< :SC'^' - (110** 53' 45' + 44" 



. vV- -^ 






^ci I I ^ X X . . -^ ^" :>^: *T>d A C= 79* feet, to find 

iTw * \ ,v^,. •, -, •' ,■- N. .V ^r,j:irs A and i>. 

, . * , . . * T:>C*H1^= 4'SlS,i3a= 904 ft 
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4.Q7 
Tan A = ^ = .55177; therefore, A = 28° 53' 19^ Ans. 

Angle ^ = 90° - 28° 53' 19' = 61° 6' 41^ Ans. 



(31 5) In Fig. 9, angle AOB = ^oi 360°, or 45°. Angle 

1 1° 

««(7^ = i-of 45°, or22|-. Side^^ = 

- of 56 feet, or 7 feet. Now, in the 

o 

triangle mOB^we have the angle mO B 

1° 7 1 

= 22 ^, and w ^ = -, or 3- feet, given, 

to find O B and the angle mB O, 

mB 




Fig. 9. 



Sin wd?^ = 



OB' 



or (95 = 



mB 



Substituting their values, O B^-: 

sin A<iT^ 



sin mOB' 
3.5 3.5 



.38268 



= 9.146 



feet. 
BF^ the diameter of the circle, equals ^x B 0\ therefore, 

5F= 2 X 9.146 = 18.292 feet = 18 feet 3- inches. 

Angle B O fnz=z'l%'' 30'. 

B Om+0 B m — 90°. 

Therefore, (9 5 w = 90° - 5 O ;// = 90° - 22° 30'. 

= 67° 30'. 
A B C=^20 Bm = 2 (67° 30') = 135°. 

Ans. 

By Art. 703, the sum of the interior angles of an octagon 

is 2 (8 — 2) = 12 right angles. Since the octagon is regular, 

the interior angles are equal, and since there are eight of 

12 1 1 

them, each one is ~ = 1- right angles. 1— X 90° = 135°. 



8 



2 



"2 



(316) Lay off with a protractor the angle A O C equal 
to 67° 8' 49^^, Fig. 10. Tangent to the circle at A, draw the 
line A 71 Through the point C, draw the line O C, and 
continue it until it intersects the line A T 2X T, From C 






wp* 



.-.':. JT 



-' _i. -T 5 is ±e 



arr i-. 



i ^. 



ir-r 



'-- 3. 






Ttar m ?i^ 10^ the 

-::. Jnni I' draw 
-~t::i. 'zitt Tiin^gir :t Z' c^ .:{ 

— = '. "VTier^ J" / ra.t3 rhe circle 

irzirw 7 Z inii lT 3 aerDendicti- 
-^ipecnv^iy. jj -T ir and C^ J. 

^ me :'J:3iie and C 3 the sine. 

uur.e I'^rT'ssnciiinruc to tan 3 is 

-iTiai . > -J J o-t : trteretore, sin 









r5is 



. .le iT.iX'.ri t:!. 



\ V.r-.-«^ TT" 



tn :t nH" oi' iir = 
. in :c on -3^ i^- = 

un^eter -t- timffs as large, the values 



♦56^ 53' ac/. 

.91963. 
^34132. 






, -.s. T-.r., in-i •r.ir. tfL. be 



4.:! / ..V-'-iTT = l.S*55TO cosw 






1 . ' -: :i = -L 3*5>24 sin. 



i" / 2.:UK52 = 11.12127 tan. 

% 

(-119) S-c Fi^. 11. Angle B = 180** ^ (29^ 21' 

, 7f;" 44' V^") ■ IHO" - lOfr^ 5' 18' =73° 54' 42'. 
Kfoni r, draw C D perpen- 

fli( nl;ir to A /'. 

., /; .\ c cos y] = 31.833 

/rnM-y-^r 31. S33X. 87104 

••7 717 It. i P ■ ^^ ^ ^'^ ^ 
Ml h:13 V Hill XM)" 21' r-. 31.833 

. UM)ii ir».r.03. Fio. iL 
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5C= -^= -T-^l^^^ = 10.24 feet = 16 ft. 3 in. 

sm B sin 73 54' 42*^ 

BD--^^- ^^-^Q^ - 4 5 feet 
^^ - tan i5 - tan 73° 54' 42^ "" ^'^ ^^^^' 

AB = AD + DB = 27.747 + 4.5 = 32.247 = 32 ft. 3 in. 

( ^ ^ = 32 f t. 3 in. 

Ans. ] ^C=16 ft. 3 in. 

( ^ = 73° 54' 42'. 

(320) In Fig. 8, problem 301, A B \^ the side of a 

regular decagon ; then, the angle C O B •= — oi 360°, or 18°. 

To find the side CB, we have CB= OB X sin 18°, or CB = 
9.75 X .30902 = 3.013 inches. Since AB = 2x CB, AB = 
2 X 3.013, or 6.026 inches, which multiplied by 10, the 
number of sides, equals 60.26 inches. Ans. 

(321) Perimeter of circle equals 2 X 9.75 X 3.1416, or 
61.26 inches. 61.20 — 60.26 = 1 inch, the difference in their 
perimeters. Ans. 

In order to find the area of the decagon, we must first 
find the length of the perpendicular C O (see Fig. 8 in 
answer to question 301) \ C O = O B X Q-os 18°, or C (9 = 9.75 

X .95106 =9.273. Area of triangle A C> ^ = -^X 9.273 

X 6.026, or 27.939, which multiplied by 10, the number of 
triangles in the decagon, equals 279.39 square inches. Area 
of the circle = 3.1416 X 9.75 X 9.75, or 298.65 square inches. 

298.65 — 279.39 = 19.26 square inches difference. Ans. 



(322) The diameter of the circle equals |/—^— = 

/113.8528, or 10.67 inches. Ans. 

The circumference equals 10.67 X 3.1416, or 33.52 inches. 
Ans. 

In a regular hexagon inscribed in a circle, each side is 

equal to the radius of the circle; therefore, — - — = 5.335 
inches is the length of a side. Ans, 

C. Vol, VI,— II, 
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(323) Angle mOB-^oi 360^ or 22^- mO=\ d 

Id « *, 

mn = - of 2, or 1 inch. (Sec Fig. 12). 

Sideiif^= Ont-K tan 22^ , or »« 5 = 

1 X .41421 = .41421. 

AB=2mB; therefore, ABz= .82842 
inch. 

Area of A O B =\ x .82842 X 1 = 

At 

.41421 square inch, which, multiplied 
by 8, the number of equal triangles, 

equals :3.313CS square inches. 

Wt. of bar equals 3.31368 X 10 X 12 X .282, or 112 pounds 

2 ounces. Ans. 

(324) IG X 16 X 16 X ^ X 3.1416 = 2,144.66 cu. in. 
equals the volume of a sphere 16 inches in diameter. 

12 X 12 X 12 X - X 3.1416 = 904.78 cu. in. equals the 

volume of a sphere 12 inches in diameter. 

The difference of the two volumes equals the volume of 
the spherical shell, and this multiplied by the weight per 
cubic inch equals the weight of the shell. Hence, we have 
(2,144.66 - 904.78) X .261 = 323.61 lb. Ans. 

(325) The circumference of the circle equals ^ — , 

27 

or 72.0833 inches. The diameter, therefore, equals ' , 

3.1416 

or 22.95 inches. 



(326) The number of square inches in a figure 7 inches 
square equals 7 X 7 or 49 square inches. 49 — 7 = 42 square 
inches difference in the two figures. 

|/7 = 2.64 inches is the length of side of square contain- 
ing 7 square inches. The length of one side of the other 
square equals 7 inches. 
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(327) {a) 17^ inches = 17.016 inches. 

Area of circle = 17.016' X .7854 = 227.41 sq. in. Ans. 
Circumference = 17.016 X 3.1416 = 53.457 inches. 

16° 7' 21'' = 16.1225°. 

(i) Length of the arc = — '- ^—- — ' = 2. 394 inches. 

Ans. 

(328) Area = 12 X 8 X .7854 = 75.4 sq. in. Ans. 
Perimeter = (12 X 1.82) + (8 X 1.315) = 32.36 in. Ans. 

(329) Area of base = tX 3.1416 x 7 X 7 = 38.484 sq. in. 

The slant height of the cone equals ^IV + 3^% or 

11.54 in. 

Circumference of base = 7 X 3.1416 = 21.9912. 

11 54 
Convex area of cone = 21.9912 X -^r—= 126.927. 

Total area = 126.927 + 38.484 = 165.41 square inches. 

Ans. 

(330) Volume of sphere equals 10 X 10 X 10 X ^ X 
3.1416 = 523.6 cu. in. 

Area of base of cone = -j- x 3. 1416 X 10 X 10 =78. 54 sq. in. 

4 

— ^- ^/ = 20 inches, the altitude of the cone. Ans. 
78.54 

(331) Volume of sphere = ^ X 3.1416 X 12 X 12 X 12 
= 904.7808 cu. in. 

Area of base of cylinder = j X 3. 141 6 X 12 X 12 = 

113.0976 sq. in. 

u • u* f V A 904.7808 ^ . - . 

Height of cylmder = = 8 mches. Ans. 

(332) (a) Area of the triangle equals -A Cx BD, or 
r- X 9- X 12 = 57 square inches. Ans. 
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(341) (a) Area of piston = 19* X .7854 = 283.529 sq. 
in., or 1.9689 square feet. 

Length of stroke plus the clearance = 1.14 X 2 ft. (24 
in. =2 ft.) = 2.28 ft. 

1.9689 X 2.28 = 4.489 cubic feet, or the volume of steam 
in the small cylinder. Ans. 

(6) Area of piston = 31* X .7854 = 754.7694 sq. in., or 
5.2414 square feet. 

Length of stroke plus the clearance = 1.08 X 2 = 2.16 ft. 

5.2414 X 2.16 = 11.321 cubic feet, or the volume of steam 
in the large cylinder. Ans. 

(c) Ratio = . ' ,^ , or 2. 522 : 1. Ans. 
' 4.489 

(342) {a) Area of cross-section of pipe = 8* X .7854 = 

50.2656 sq. in. 

TT 1 r • 50.2656 X 7 ^ ,,« 

Volume of pipe = — = 2.443 cu. ft. Ans. 

144 

(6) Ratio of volume of pipe to volume of small cylinder 

= T~777r, or 0.544: 1. Ans. 
4.489 

(343) (a) In Fig. 15, given OB=j' or 8 inches, and 

13 1 

O -^ = -^ or 6~ inches, to find the volume, area and weight: 

Radius of center circle equals — ' ■ 

jj or 7 J inches. Length of center line = 

2 X 3.1416 X 7t = 45.5532 inches. 

4 

• 1 

pjq j5 The radius of the inner circle is 65- 

2 

inches, and of the outer circle 8 inches ; therefore, the dia- 
meter of the cross-section on the line ^ -ff is 1 ~ inches. 

Then, the area of the ring is 1 - X 3.1416 X 45.553 = 214.666 
square inches. Ans. 
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Diameter of cross-section of ring = 1^ inches. 

Area of cross-section of ring = M - J x . 7854 = 1. 76715 

sq. in. Ans. 
Volume of ring = 1.76715 X 45.553 = 80.499 cu. in. Ans, 

(*) Weight of ring = 80.499 X .261 = 21 lb. Ans. 

(344) The problem may be solved like the one in Art. 
790. A quicker method of solution is by means of the 
principle given in Art. 826* 

(345) The convex area = 4 X 5 j X 18 = 378 sq. in. Ans. 

Area of the bases = 5— x 5-t- X 2 = 55.125 sq. in. 

4 4 

Total area = 378 + 55.125 = 433.125 sq. in. Ans. 
Volume = (djj X 18 = 496.125 cu. in. Ans. 

(346) InFig.16, 0C=;^^^o. (^ of 360° = 60^ and 
since AOC=^o(A OB, AOC= 30°). 

^^=:57W=^^-^^^- 

Area of A O B = ^^-^^^:^ = Q2.d52 

square feet. 

Since there are 6 equlal triangles in a fig. ic. 

hexagon, then the area of the base = 6 X 62.352, or 374.112 
square feet. 

Perimeter = 6 X 12, or 72 feet 

Convex area = = 1,332 sq. ft. Anst 

Total area = 1,332 -j- 374.112 = 1,706.112 sq: ft. Ans. 

(347) Area of the base = 374.112 square feet, and alti- 
tude = 37 feet. Since the volume equals the area of the 

base multiplied by ^ of the altitude, we have 

Volume = 374.112 X ^ = 4,614 cubic feet. 

6 
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(348) Area of room = 15 X 18 or 270 square feet. 
One yard of carpet 27 inches wide will cover 3 X 2 j (27 

1 3 

inches = 2j ft.) = 6j sq. ft. To cover 270 sq. ft., it will 

take -77T-f or 40 yards. Ans. 
of 

(349) Area of ceiling = 16 X 20 = 320 square feet. 
Area of end walls = 2(16 X 11) = 352 square feet. 
Area of side walls = 2(20 x 11) = 440 square feet. 

Total area = 1,112 square feet. 

From the above number of square feet, the following 
deductions are to be made : 

Windows = 4(7 X 4) = 112 square feet. 
Doors = 3(9 X 4) = 108 square feet. 

Baseboard less the width of the three doors 

equals (72' — 12') x r^ = 30 square feet. 

Total No. of fee.t to be deducted = 250 square feet. 

Number of square feet to be plastered, then, equals 1,112 

7 
— 250, or 862 square feet, or 95- square yards. Ans. 

t7 



7 10 

(350) Given A B = G^ inches, and OB=OA=^ oi 

5 inches, Fig. 17, to find the area of the sector. 

Area of circle = 10' X .7854 = 78.54 
square inches. 

Sin^ (9C=^ = 5i±l = .6875; 

therefore, ^ O C = 43° 26'. 

AOB=2xAOC=2x^3''2& = 
86° 52' =86.8666°. 

86.8666 




Fig 17. 



360 



X 78. 54 := 18. 95 square inches. 

Ans 
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(351) Area of parallelogram equals 

• 7 X 10 J (129 inches = lo|- ft.) = 75 j sq. ft. Ans. 

(352) {a) See Art. 778. 

Area of the trapezoid = ^^t7 + ^^H x 7^ = 143.75 sq. ft. 

Ans, 

{d) In the equilateral triangle ABC, Fig. 18, the area, 
143. 75 square feet, is given to find a side. a 

Since the triangle is equilateral all the 

1 

angles are equal to ~ of 180° or 60°. In 

o 

the triangle ABD = ADC, we have A 

D= A B xsin 60°. The area of any tri- B^ 

angle is equal to one-half the product 

B C X A D 
of the base by the altitude, therefore, — — = 143.75. 

BC=AB and ^ Z> = ^ ^ X sin 60° ; then, the above becomes 

AB xAB sin 60* 




2 



= 143.75, 



^^X. 86603 ,,^^^ 
or = 143.75, 

or ^^.^^X 143.75 
^ .86603 



__ i/287. 50 



Therefore, AB = y ";;"" = 18 ft. 2.64 in. Ans. 

.oboOo 

(353) (a) Side of square having an equivalent area = 
i/U3.75 = 11.99 feet. Ans. 
{d) Diameter of circle having an equivalent area = 

/^^f = 4/183.0277 = 13^ feet. Ans. 

(c) Perimeter of square = 4 X 11.99 = 47.96 ft. 

Circumference or perimeter of circle = 13^ X 3.1416 = 42.41 ft. 

Difference of perimeter = 5.55 ft. = 
5 feet 6.6 inches. Ans. 
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(354) In the triangle 
ABC, Fig. 19, 
AB=24: feet, 
BC =11,26 feet; and 
AC=1S feet. 
m-^-n : a-\-6::a — 6 : m — n, 
or 24 : 29.25:: 6.75 : m-^n, 

/c9.2o X 6.75 Q c%c\nt'oc\ 

m^ n = —, = 8.226562. 

24 

Adding m-^- n and m^n^ we have 

;« -|- « = 24 

m — n^ 8.226562 




2^=32.226562 
^=16.113281. 

Subtracting m — n from m-\-n^ we have 

2« = 15.773438 
n= 7.886719. 

In the triangle ADC, side A C=1S feet, side A D = 
16.113281; hence, according to Rule 3, Art. 754, cos A = 

16. 1 13281 ^ ggg^g^ ^j. ^j^gig ^ _ 26° 28' 5^ In the triangle 

lo 

B D C, side ^ Z>= 7.886719, and side ^C= 11.25 ft. 

Hence, cos B = '^'^f^J^^ = . 70104, or angle B = 45° 29' 23'. 

Angle C = 180° - (45° 29' 23^^ + 26° 28' 5') = 108° 2' 32*. 

A = 26° 28' 5'. 
Ans. -( ^ = 45° 29' 23'. 

108° 2' 32'. 
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(QUESTIONS 355-453.) 



(355) Use formulas 18 and 8. 

- Time it would take the ball to fall to the ground = * = 

^ = ^w = -^ -■ 

The space passed through by a body having a velocity of 
500 ft. per sec. in .58484 of a second = 5= F/= 500 X 
.58484 = 292.42 ft. Ans. 

(356) Use formula 7. 

— ^TTT = 55.85 ft. per sec. Ans. 

60 

(357) 160 -^ 60 X 7 = ^ revolution in \ sec. 360° X 
^ = 137| = 137° 8' 34y'. Ans. 

(358) (a) See Pig. 20. 36' = 3'. 4 -i- 3 = ^ = number 

of revolutions of pulley to one revolution of fly-wheel. 

4 

54 X o = 72 revolutions of pulley and drum per min. 100 -r- 
6 

18 \ 

— X 3.1416 1 = 21.22 revolutions of drum to raise elevator 

100 ft. i^^^ X 60 = 17.68 sec. to travel 100 ft. Ans. 
{b) 21.22 : :r :: 30 : «0, ot x = ^^'^ ^^ = 4r 

For notice of the copyright, see page immediately following the 



( 
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per min. of drum. The diameter of the pulley divided by 




Fig. 20. 



the diameter of the fly-wheel = j, which multiplied by 
42.44 = 31.83 revolutions per min. of fly-wheel. Ans. 

(359) See Arts. 857 and 859. 

(360) See Art. 861. 

(361) See Arts. 843 and 871. 

(362) See Art. 871. 

(363) See Arts. 842, 886, 887, etc. 

The relative weight of a body is found by comparing it 
with a given standard by means of the balance. The abso- 
lute weight is found by noting the pull which the body will 
exert on a spring balance. 

The absolute weight increases and decreases according to 
the laws of weight given in Art. 890 ; the relative weight is 
always the same. 

(364) See Art. 861. 

(365) See Art 857. 
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(366) See Art. 857. 

(367) If the mountain is at the same height above, and 
the valley at the same depth below sea-level respectively, 
it will weigh more at the bottom of the valley. 

(368) y^g^ = 6 miles. Using formula 12,^': R' :: 
W: -^,wehavez. = ^= '^'''3,966-^''' =19,939.53 + lb. 
= 19,939 lb. 8^oz. Ans. 

(369) Using formula 11, R\d\\ W\w^ we have 
^^^^ 3,958X 20,000 ^^ 3^3^ lb. =19,989 lb. l4 

oz. Ans. 

(370) See Art. 870. 

(371) See Art. 894. 

(372) The velocity which a body may have at the in- 
stant the time begins to be reckoned. 

(373) Because the man after jumping tends to continue 
in motion with the same velocity as the train, and the sud- 
den stoppage by the earth causes a shock, the severity of 
which varies with the velocity of the train. 

(374) See Arts. 870 and 871. 

(375) See Art. 872. 

(376) That force which will produce the same final 
effect upon a body as all the other forces acting together is 
called the resultant. 

(377) {a) If a 5-in. line = 20 lb., a 1-in. line = 4 lb. 

1 ^ 4 = J in. = 1 lb. Ans. (b) 6 j -f- 4 = 1.5625 in. = 

6^ lb. Ans. 
4 

(378) Those forces by which a given force may be 
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replaced, and which will produce the same effect upon a 
body. 

(379) Southeast, in the direction of the diagonal of a 
Ea9t square. See Fig. 21. 

(380) 4' 6' = 64'. 64x2x|x 

.261 = 21.141 lb. = weight of lever. 
Center of gravity of lever is in the 
middle, at a. Fig. 22, 27' from each 
end. Consider that the lever has no 
weight. The center of gravity of 
the two weights is at ^, at a dis- 

47 X 54 
tance from c equal to =21.508' = be. Formula 20, 

Art. 911. 




Pio. 21. 




PlO. 88. 

Consider both weights as concentrated at i, that is, 

imagine both weights removed and replaced by the dotted 

weight W^ equal to 71 + 47 = 118 lb. Consider the weight 

of the bar as concentrated at ^, that is, as if replaced by 

a weight z£/ = 21. 141 lb. Then, the distance of the balancing 

' , J- f jr 21.141 X 5.492 ^^,, . 

point /, from c, or fc, = 21.141 + 118 ~ '^^^ ' ^^^^^ ^^^ 

27 - 21.508 = 5.492'. Finally,/^+ ^// =/// = .834 + 21.508 
= 22.342' = the short arm. Ans. 54—22.342 = 31.658' = 
long arm. Ans. 
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(381) See Fig. 2a 
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TSib, 




(382) See Fig. M. 




75iik 




TSIW 

Fig. 24. 



(383) 46 — 27 = 19 lb., acting in the direction of the 
force of 46 lb. Ans. 
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(384) {a) 18 X CO X GO = 04,800 miles per hour Ans 
{6) C4,800 X 24 = 1.555,300 miles. Ans. 
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(385) {a) 15 miles per hour = ^^^^^'^ = 22 ft. per 

sec. As the other body is moving 11 ft. per sec., the 
distance between the two bodies in one second will be 
22 + 11 = 33 ft., and in 8 minutes the distance between 
them will be 33 X 60 X 8 = 15,840 ft., which, divided by the 

number of feet in one mile, gives , ' ^. = 3 miles. Ans. 

5,280 

(A) As the distance between the two bodies increases 

33 ft. per sec, then, 825 divided by 33 must be the time 

825 
required for the bodies to be 825 ft. apart, or -— - = 25 

sec. Ans. 

(386) See Fig. 25. 

(387) {a) Although not so stated, the velocity is 
evidently considered with reference to a point on the shore. 
10 — 4 = 6 miles an hour. Ans. 

{d) iO + 4 = 14 miles an hour. Ans. 

{c) 10 — 4 4- 3 = 9, and 10+ 4+ 3 = 17 miles an hour. Ans. 

(388) See Fig. 26. 




Fig. 26. 



C. Vol, VL—I2. 
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(389) See Fig. 27. By rules 2 and 4, Art. 754, be 

87 sin 23° = 87 X .39073 = 33.994 lb., ar = 87 cos 23° 
87 X .92050 = 80.0811b. 



t 




SeaU ^1 Ift. 



SO lb. 



Fig. 27. 



(390) wSee Fig. 28. [b) By rules 2 and 4, Art. 754, 
/J^ = 325 sin 15° = 325 X .25882 = 84.12 lb. Ans. 

{a) acz:^ 325 cos 15° = 325 X .96593 = 313.93 lb. Ans. 




(391) Use formula lO. 

125 



= i^- 



g 32.16 



= 3.8868. Ans. 



ELEMENTARY MECHANICS. 173 

IV 

(392) Using formula 10,/« = — , W=m^=z6d.7 X 

32.16 = 1,727 lb. Ans. 

(393) {a) Yes. (6) 25. {c) 25. Ans. 

(394) {a) Using formula 12, d' : I?" :: IV : w, d- 

2e/ 100 

4, 000 = 749. 736 miles. Ans. 

(b) Using formula 11, R \ d w W \ w^ d -=• -rp- = 

^'^^141 ^^^ = ^,836.88 miles. 4,000 - 2,836.88 = 1,163.12 
miles. Ans. 

(395) {a) Use formula 18, 

^ i/2A ./2 X 5,280 ^^_ ^ 

/ = |/_=i/-3^^=18.12sec. Ans. 

(*) Use formula 13,^^ = ^/ = 32.16x18.12 = 582.74 ft. per 

sec, or, by formula 16, ^ = V^g^ = V^ X 32.16 X 5,280 = 
582.76 ft. per sec. Ans. 

The slight difference in the two velocities is caused by not 
calculating the time to a sufficient number of decimal places, 
the actual value for / being 18.12065 sec. 

(396) Use formula 25. Kinetic energy = Wk = -^ — . 

WA = 160 X 5,280 = 844,800 ft. -lb. 

Wj^ _ 160X582.76' __ 

^7" " 2 X 32.16 - ^^^' ^^^ ^^' ^^' ^''^' 

(397) {a) Using formulas 15 and 14, 

k= ^ =z ^^>y^^ = 86,592 ft. = 16.4 miles. Ans. {b) 
%g 2 X 32.16 ' ^ ' 

/ = — = time required to go up or fall back. Hence, total 

o 

time = — sec. = r^^ ^^—tb = 2.4461 mm. = 2 mm. 26.77 

^ 60 X o2.16 

sec. Ans. 
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(398) 1 hour = GO min., 1 day = 24 hours; hence, 1 

S 
day = 60 X 24 = 1,440 min. Using formula 7, ^=7; 

.. 8,000X3.1416 ^^ ..« . -1 • A 

whence, V= — nrn: = 17.453 + miles per mm. Ans. 

1,440 

(399) {a) Use formula 25. 

^. ,. IV v' 400 X 1,875 X 1,875 .^ ^.^ ^^ ,, 
Kmetic energy ='-^ = ^x 32.16 = 21,863,339.65 

ft. -lb. Ans. 

(^) ^^'^l\ll^-^^ =10,931.67 ft. -tons. Ans. 

{c) See Art. 961. 

Striking force X ~ = 21,863,339.55 ft. -lb., 

or striking force = ^^^^^^^^'^^ = 43,726,679 lb. Ans. 

(400) Using formula 18, t = f^ = j/±K^ = 

3.52673 sec, when^= 32.16. 

/ == a/ "^ X ^QQ = 4.47214 sec, when r = 20. 
'^ 20 

4. 47214 - 3. 52673 = 0. 94541 sec Ans. 

(401) See Art. 910. 

(402) See Art. 963. 

(403) (a) See Art. 962. 

^ m W 800 „ T^ W 500 

D=—: = — . v = ^ n^a ' Hence, Z/ = — = 



V gv 1,728* ' gv 32.16XAV? 

33. 582. Ans. (b) In Art. 962, the density of water was 

found to be 1.941. {c) In Art. 963, it is stated that the 

specific gravity of a body is the ratio of its density to the 

33 582 
density of water. Hence, "yittt" = 17.3 = specific gravity. 

If the weight of water be taken as 62.5 lb. per cu. ft., the 
specific gravity will be found to be 17.28. Ans. 

(404) Assuming that it started from a state of rest, 
formula 13 gives z/ = ^ / = 32.16 X 5 = 160,8 ft. per sec 
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(405) Use form:;:as 17 ^i 13. i = 1^/---* = 
X 3* = 144^ T5 ft-, cifganoe fit"'*-:: ii lie end cc 



^ ■«»* ia 



2 

second. 
v = g-t = 3^,16 X 3 = 5-3L4S fi. per sec., T-el^citr at end of 

third second. 

96.48 X 6 = 578, ^S ft., distance taller, during the remain- 
ing 6 seconds. 

144.72 -f 578. SS = 723.6 ft. = total distance. Ans. 

(406) See Art, 961. 

Striking force X:i = 8x8 = 64. Therefore, striking 

r 64 

force = -7- = 1,536 tons. Ans. 
12 

(407) See Arts. 901 and 902. 

(408) Use formula 19. 

Centrifugal force = tension of string = .00034 JVRX* = 

.00034 x (.5236 X 4* X .261) X ^ X 60* = 13.38+ lb. Ans. 

(409) (80* - 70') X .7854 X 26 X .261 -r- 2 = weight of 
^ of rim. 

^ 80-10 35 . 

•^ ^ "7^ ;rr = t^ it. 

2 X 12 12 

According to Art. 904, F= .00034 W R N^ -r- 3.14ir» = 
.00034 X (BO' - 70') X .7854 X 26 X .261 ^ | ^ ^..^. ^ 

3.1416 = 38,641 lb. Ans. 

(410) {a) Use formulas 11 and 12* R\d :: \V : u\ 

jj. wR 1x4,000 ,^,, . 
or W^ —J- = — —^ — = 40 lb. Ans. 
a 100 

{b) d^iR^ ::W:w, or w = ^^^^^^^^=^%.OTnb, Ans. 

(411) See Art. 955. 

10,746 X 354 



10 X 33,000 



= 11.5275 H. P. Ans. 
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(412) Use formula 12. 

d':I^::W:zv, or d= |/M^^ZI = i3,064 mi., nearly. 

IT 

13,064 - 4,000 = 9,064 miles. Ans. 

(413) Use formula 18. t = \/^ = \/^g^^ 
L7634 sec, nearly. 

1.7634 X 140 = 246.876 ft. Ans. 

(414) 57, = ^ sec. Use formula 17. 

k = 1^/' = I X 32.16 X (ly = 1.78| ft. = 1 ft. 9.44 in. 

Ans. 




(41 5) See Arts. 906, 907. 

(416) See Arts. 908, 909. 



<^« • 



(417) No. It can only be co:irier:ictcd by jLr:c:h?r 
equal couple which tends to revolTe the bocy in an opposcie 

direction. 

(418) See Art. 914. 

(419) Draw the qnadrOateraJ as shown in Fig:. ^?. 
Divide it into two triangles by the diagonal i^ P. The 
center of g^vity of the triangle B C D is founc to be at «i, 
and the center of gravity of the triangle .-i /^ P is found to 
be at ^ (Art, 914). Join a and d by the line a 3, which, on 
being measured, is found to have a length of 4*27 inches. 
From C and A drop the perpendiculars C F and A G on the 

diagonal B D. Then, area of the triangle A BP= - {AG X 

B £>), and area of the triangle B C P=l ((-'^ ^>^ ^ J^)- 

Measuring these distances, B D = 11\ C F=5.1\ and 
A G=7.7'. 

Area A BD=\ X 7.7 X 11 = 42.35 sq. in. 

Area jff CZ>= ^ X 6.1 X 11 = 28.05 sq. in. 

According to formula 20, the distance of O^ the center of 

.^ - , . 28.05 X 4,27 -, ,v rpu ^ *u 

gravity, from a is ^q ng i ac% or = 1-7. Therefore, the cen- 

ter of gravity is on the line ab Sit a, distance of 1.7' from b» 

(420) See Fig. 30. The 
center of gravity lies at the 
geometrical center of the penta- 
gon, which may be found as 
follows : From any vertex draw 
a line to the middle point of the 
opposite side. Repeat the 
operation for any other vertex, 
and the intersection of the two 
lines will be the desired center 
of gravity. Kio.au. 
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(421) See Fig. 31. Since any number of quadrilaterals 
can be drawn with the sides given, any number of answers 
can be obtained. 

Draw a quadrilateral, the lengths of wHose sides ^re equal 
to the distances between the weights, and locate a weight on 
each corner. Apply formula 20 to find the distance C^ W^ ; 



thus, (7.11^. = 1^ = 5.4'. 



Measure the distance C^ W^\ 




Fig. 81. 



suppose it equals say 36'. Apply the formula again. 

Measure C, W^\ it equals say 



^i^»- 154.(94.21)--^'^ 
31.7^ 

Apply the formula again. C^C=^ ^^ ^^ ^ ^^ 
C is center of gravity of the combination. 



17X31.7 



= 8.7'. 



(422) l.Qt A B C D E, Fig. 32, be the outline, the 
right-angled triangle cut-off being E S D. Divide the 
figure into two parts by the line m n^ which is so drawn 
that it cuts off an isosceles right-angled triangle nt B n^ 
equal in area to E S D^ from the opposite corner of the 
square. 
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The center oi grsLvity oi A m n C D E is then at C^ , its 
geometrical center. Bm= 4:in,; angle Bmr= 45° ; there- 
at m B 




^-L-.-;^-^^ 



fore, Br — Bm X sin Bmr = 4: X .707 = 2.828 in. C,, the 

2 
center of gravity of Bmn, lies on B r, and B C^ = —B r 

o 

= I X 2.828 = 1.885 in. B C^ = A B x sin B A C^= U X 
o 

sin45° = 14x .707 = 9.898 in. C, C, = 5C, -^C, = 9.898 

-1.885 = 8.013 in. 

Area A B CDE— 14' - ^^-^ = 188 sq. in. Area m B n 



4X4 



2 
= 8 sq. in. Area Amn CDE = 1S8 - 8 = 180 



2 

sq. in. 

The center of gravity of the combined area lies at C, at 



.* 
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a distance from C, , according to formula 20 (Art. 911)s 

- 8 X C C, 8 X 8.013 _.^ . ^ ^ f^.^ . 

equal to ^^^ ^ ^' = — j^g — = .341 in. C^ C = .34:1 in. 

BC=BC^-C^C= 9.898 - .341 = 9.557 inches. Ans. 

(423) (^) In one revolution the power will have moved 

through a distance of 2 X 15 X 3.1416 = 94.248', and the 

1' 
weight will have been lifted j . The velocity ratio is' then 

94.248 -i-T = 376.992. 
4 

376.992 X 25 = 9,424.8 lb. Ans. 
{a) 9, 424. 8 -5, 000 = 4, 424. 8 lb. Ans. 

(r) 4, 424. 8 -T- 9, 424. 8 = 46. 95^. Ans. 

(424) See Arts. 920 and 922. 

(425) Construct the prism ABED, Fig. 33. Prom 
£f draw the line £ F, Find the center of gravity of the 




Horizontal G 

Fig. 83. 

rectangle, which is at C„ and that of the triangle, which is 



\ 
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at C,. Connect these centers of gravity by the straight line 
Cj C, and find the common center of gravity of the body by 
the rule to be at C. Having found this center, draw the 
line of direction C G, If this line falls within the base, the 
body will stand, and if it falls without, it will fall. 

(426) {a) 5 ft. 6 in. = 66'. 66 ~ 6 = 11 = velocity 
ratio. Ans. 

{b) 5 X 11 =55 lb. Ans. 

(427) 55 X .65 = 35.75 lb. Ans. 

(428) Apply formula 20. 5 ft. = 60'. ^^^ = 
9.7674 in., nearly, = distance from the large weight. Ans. 

(429) {a) 1,000-7-60 = 20, velocity ratio. Ans. See 
Art. 945. (*) 10 fixed and 10 movable. Ans. {c) 50 -^ 95 
= 52. 63^. Ans. 

(430) Px circumference = fFx q, or 60 X 40 X 3.1416 

o 

-Wx\,oT W= 60 X 40 X 3. 1416 X 8 = 60, 318. 72 lb. Since 

o 

the efficiency of combination is 40^, the tension on the stud 
would be .40 X 60,318.72 = 24,127.488 lb. Ans. 

(431) {a) 1^20' +5* = 20.616 ft. = length of inclined 
plane. 

P X length of plane = fT X height, or P X 20.616 = 
1,580 X 6. 

/>=l2|?^2<5 = 383.2 lb. Ans. (b) In the second case, 
20.616 

P X length of base = fFx height, or Px 20 = 1,580 X 5; 
hence, />= ^'^^^J^ ^ = 395 lb. Ans. 

(432) PFx 2 = 42 X 6, or W= ^-^ = 126 lb. 

126 + 42 = 168 lb. 168 X 1 = PT' X 12, or ^F' = ^=141b. 

Ans. 
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(433) See Fig. 34. Px 1* X 21 X 19 = 4 X 4 X 2^ 



''-'"'mmp'^-''^"- ^ 



P i W 
24^ fg aj 18^^-6 4 -30^ t—lB^'-C 



(434) See Fig. 35. (a) 35 X 15 X 12 X 20 = 6 X 3|x 
S X W, or 
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(6) 2,400 -^ 35 = 68y = velocity ratio. Ans. 
(c) 1, 932 H- 2, 400 =.805 = 80. 5<. Ans. 

(435) In Fig. 36, let the 12-15. weight be placed at A, 

the 18-lb. weight at B^ and the 15-lb. weight at B, 

Use formula 20. 

12 X 15 

1ft o- ia ~ ^" ^ distance C^B = distance of center of 




gravity of the 12 and 18-lb. weights from B, Drawing C\ D^ 

C^C= , * = - C.D. Measuring the distances 

of C from BD, DA, sind A B, it is found that Ca = 3.45", 
C* = 5.25", and Cd= 4.4". Ans. 

(436) (a) Potential energy equals the work which the 
body would do in falline: to the ground = 500 x 75 = 
37,500 ft. -lb. Ans. 
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(*) Using formula 18, / = V^ = V^S- = 2-1597 
sec. = ,035995 min., the time of falling. 

33,000 X .035995 = ^^'^^ ^' ^' ^'^^' 
(437) 127 -^ 62.5 = 2.032 = specific gravity. Ans. 



(438) 



62.5 
1,728 



X 9. 823 = .35529 lb. Ans. 



^ 



or 



6.5-5.75 
Fig. 37. 






(440) See Art. 961. 

^, /3 ,^\ Wv' 1.5X25' 
Fx ^g -^ 12 j = -^r:r = ^i^T^^TT^, or 

1.5 X 25" 



2^ 2 X 32.16' 



(439) Use formula 21 _ 

2 X 60 X 6.5 ^ .48 = 499.2 lb. Ans. See ^ 



F= 



2 X 32.16 
f- 12 



406.42 lb. Ans. 



(441 ) {a) 2,000 ~ 4 = 500 = wt. of cu. 

ft. 500 -4- 62. 5 = 8 = specific gravity. Ans. 



500 




= .28935 lb. Ans. 




Fig. 37. 



(442) See Fig. 38. 14.5 X 2 

= 29. 30 X 29 = Wx 5, or W^ 

30X29 _, ,, . 
— = 174 lb. Ans. 



(443) 75 X .21 = 15.75 lb. 

Ans. 



P'IG. 38. 

(444) {a) 900 x 150 = 135,000 ft. -lb. Ans. 

135,000 



15 



= 9,000 ft. -lb. per min. Ans. 



9,000 ._ 3 

^^> 33,000 -n'^-^- ^''®- 
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(445) 900 X .18 X 2 = 324 lb. = force required to over- 
come the friction. 900 + 324 = 1,224 lb. = total force. 

1>^^^ X 150 _ 

15 X 33,000 ■"•^^^^^"•^- Ans. 

(446) 18 H- 88 = . 2045. Ans. 

(447) See Art. 962. ^ = ^= ^i^, = -^^-^f^^ 

(448) See Fig. 39. 125 
-47.5 = 77.5 lb. = down- 
ward pressure. 

77.5-^4 = 19.375 lb. 
= pressure on each support. 

Ans, 

(449) See Fig, 40. 




Fig. 80. 




(460) 



(461) 



Fig. 40. 

See Fig. 41. 4.5 -r- 2 = 2.25. 

12 
^r-^ X 6 X 30 = 960 lb. Ans. 

{a) 960 H- 30 = 32. Ans. 

{b) 790 -f. 960 = . 8229 = 82. 29^. Ana 
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(452) (a) See Fig. 42. 475 + (475 X. .24) = 589 lb. 



(*) 475 -5- 589 = .8064 = 80. 64^. Ans. 



Ans. 








Fig. 41. Fig. 42. 

(453) (a) By formula 23, U = FS = 6 X 2,5 = UO 
foot-pounds. Ans. 

(*) 2I sec. = |i- = ^ min. 

FS 150 
Using formula 24, Power = -^ = —-= 3,600 ft. -lb. per 

min. Ans. "^ 
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. (QUESTIONS 454-503.) 



(454) The area of the surface of the sphere is 20 X 20 
X 3.1416 = 1,256.64 sq. in. (See rule, Art. 817.) 

The specific gravity of sea water is 1.026. (See tables 
of Specific Gravity.) The pressure on the sphere per square 
inch is the weight of a column of water 1 sq. in. in cross- 
section and 2 miles long. The total pressure is, therefore, 

1,256.64 X 5,280 X 2 X .434 X 1.026 = 5,908,971 lb. • Ans. 

(455) 125 — 83.5 = 41.5 lb. = loss of weight in water 
= weight of a volume of water equal to the volume of the 
sphere. (See Art. 987.) 1 cu. in. of water weighs .03617 
lb. ; hence, 41.5 lb. of water must contain 41.5 -r- .03617 = 
1,147.4 cu. in. = volume of the sphere. Ans. 

/..^^x ^ 225,000 ^^ ^ - 

(456) Q = QQ^QQ = 62.5 gal. per sec. 

Substituting the values given in formula 51, 



^ = 1.229 V^^^^K^ = 16.3S' +. 

4iO 



Substituting this value of d in formula 49, 

24. 51 X 6 2.5 
16.38' 



v^ = — "" C^r = 5.7095. 



The value of / (from the table) corresponding to v^^ = 
5.7095 is .0216, using but four decimal places. Hence, ap- 
plying formula 52, 



^ ^ ^^^ ^^m^X2,S00pxU^m:l ^ ^^, Ans. 

For notice of the copyright, see page immediately following the title page. 

C. Vol, VI.^13. 
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(479) jjj = area of pipe in square feet. Using 

formula 31, 

Q = AVn = -^ X 7.2 = discharge in cu. ft. per sec. 

YT7 X 7.2 X 7.48 = discharge in gal. per sec. 

'' X 7.2 X 7.48 X 60 X 60 X 24 = 634,478 gal. dis- 
144 

charged in one day. Ans. 

(480) 38,000 gallons per hour — r-^ — —-• gal. per sec. = Q. 

60 X 60 

Using formula 49, 

_ 24.51 Q _ 2451 X 38,000 _■ 
"" - d' - 5.5' X 60 X 60 ~ ^-^^^^ "• ^^ ^^''- ^^ 

(481) Area of 2— -in. circle = 4.9087 sq. in. ; area of a 

2.in. circle = 3.1416 sq. in. (4.9087 - 3.1416) X 12 = 21.2052 
cu. in. of brass. 

21.2052 X .03617 = .767 lb. = weight of an equal volume 
of water. 

6 lb. 5 oz. = 6.3125 lb. 6.3125 -^ .767 = 8.23 Sp. Gr. of 
brass. Ans. 

(482) (6) A column of water 1 ft. high and 1 in. square 
weighs .434 lb. .434 X 180 = 78.12 lb. per sq. in. Ans. 

{a) Projected area of 1 foot of pipe = 6 X 12 = 72 sq. in. 
(See Art. 985.) 72 X 78.12 =5,624.64 lb., nearly. Ans. 

(483) Use formula 42. 



(a) a = .41 ^/27^ = .41 X j^ X 1/2 X 32.16 X (^J = 
38.44 cu. ft. per sec. Ans. 

(b) Q = -%- = 5^ = 62.5 cu. ft. per sec. Ans. 
^ ^ .615 .015 

(484) (a) Area of pipe : area of orifice :: 6* : 1.5'; or, 
area of pipe is 16 times as large as area of orifice. Hence, 
using formula 35, 
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z/-r ^^-r ^^^^^^^^^^g^-5d.9ft. persec. Ans. 

A' (6*X.T854y 

(*) 2.304X10=23.04 ft. = height of column of water 
which will give a pressure of 10 lb. per sq. in. 45 + 23.04 
= 68.04 ft. 



__ w^X 32.16 X 68.04 



^_(1.5'X.7854) 



-=66.28 ft. per sec. Ans. 



(6' X .7854)'* 

(486) Use formula 48. 

Q = .0408 d^v^ = .0408 X 6* X 7.5 = 11.016 gal. per 
sec. Ans. 

(486) 14' X .7854 X 27 = volume of cylinder = volume 
of water displaced. 

14' X .7854 X 27 X .03617 = 150 lb., nearly, = weight of 
w^ater displaced. 
(14' — 13') X .7854 X 27 = volume of the cylinder walls. 

13' X .7854 X 7 X 2 = volume of the cylinder ends. 

.261 lb. = weight of a cubic inch of cast iron, then, 

[(14* - 13') X .7854 X 27 + 13' X .7854 X i- X 2] X .261 = 

167 lb., nearly, = weight of cylinder. Since weight of 
cylinder is greater than the weight of the water displaced, 
it will sink. Ans. 

(487) 2 lb. — 1 lb. 5 oz. = 11 oz., weight of water. 
1 lb. 15.34 oz. — 1 lb. 5 oz. = 10.34 oz., weight of oil. 
10.34 -T- 11 = .94 = Sp. Gr. of oil. Ans. 

(488) Head = 41 -r- . 434 = 94. 47 ft. Using formula 36, 

i/=.98>/2^A =.98|/2 X 32.16 X 94.47 = 76.39 ft. per sec. Ans. 
This is not the mean velocity, z/^. 

(489) (a) Use formula 39. 

Q^ = .S15Ai/2£-A, or 
1.5' X .7854 



<2a = .815 X ,,• X 4^2X32.16X94.47 X 60 = 

144 

46.77 cu. ft. per min. Ans. 
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{d) See Art. 1005. 



The theoretical velocity of discharge is t/ = ^^2 ^//, and as 
// = 41 ^ .434 = »4.4T ft., we have v = i/2 X 32.16 X 94.47 
= TT.95 ft. per sec. 

Using formula 31, (J = A 7\ and multiplying by 60 to 
reduce the discharge from cu. ft. per sec. to cu. ft. per min., 
we have 

Q = -- , // X 77.95 X 60 = 57.39 cu. ft. per min. Ans. 
144 

(490) (*) Use formulas 31 and 38. 

Q = A V = - — Yrr~ — X 77.95 = .9566 cu. ft. per sec. Ans. 
(^) <2a = .615(? = .615x.9566=.5883cu. ft. persec. Ans. 

M I = sS = •«■='■ A- 

(491) {a) 9 X 5 X .7854 == 35.343 sq. in. = area of base. 
2' X .7854 = 3.1416 sq. in. = area of hole. 

\' ., ,., = V7-T^ ; hence, the area of the base is less than 20 
00.. 34.5 11.20 

times the area of the orifice, and formula 36 must be used. 




2X3..16X6 _j9,,,,f,. 



(2' X .7854)' 
A' \ (9 X 5 X. 7854)' P«r sec. 

{b) .434 X 6 = 2.604, or say 2.6 lb. per sq. in. Ans. 

(492) 6 X 4 X .7854 = 18.85 sq. in. = area of upper 
surface. 

15' X .7854 = 176.715 sq. in. = area of base. 

132 
---- X 170.715= 1,237.5 lb., pressure due to weight on 

lo. oO 

upper surface. 
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.03617 X 24 X 176.715= 153.4 lb., pressure due to water 
in vessel. 

1,237.5 + 153.4= 1,390.9 lb., total pressure. Ans. 

(493) Use formula 31 or 32. 

Divide by 60 X 60 to get the discharge in gallons per 
second, and by 7.48 to get the discharge in cubic feet per 
second. 

4' X .7854 



Area in sq. ft. = 

12,000 X 144 



144 



)X60x7.48X4'x .7854 



= 5.106 ft. per sec. 



(494) A sketch of the arrangement is shown in Fig. 45. 




{a) Area of pump piston = (-1 x .7854 = .19635 s 
Area of plunger = 10' X.7854 = 78.54 sq. in. 
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Pressure per square inch exerted by piston* = ^ . -^^ lb. 

.19doo 

Hence, according to Pascal's law, the pressure on the 
plunger is -r^^ X 78.54 = 40,000 lb. Ans. 

(i) Velocity ratio = l^ : .00375 = 400 : 1. Ans. 

(c) According to the principle given in Art. 981 5 Px 
1 — inches = IVx distance moved by plunger, or 100 X 

1— = 40,000 X required distance; hence, the required dis- 

100 X H .^^o»vr • A 

tance = ,^ ^^^^ = .00375 in. Ans. 

40,000 

(495) {a) Use formula 44, and multiply by 7.48 and 
60 to reduce the discharge from cu. ft. per sec. to gal. per 
min. 

<2a = .41 6 /2i^ [/^» - /V] X 60 X 7.48 = 

.41 X 12 X ^6432 rW9 + |^y_ ^1 X 60 X 7.48 =r 

L \ i^/ -"13,502 gal. Ans. 

{t) In the second case, 

a = .41 X j^ X i/64:32 [/(9+^ 

13,323 gal. Ans. 

(496) {a) Area of weir = 14 X 20 -^ 144 sq. ft. Use 
formula 32, and divide by 60 X 7.48 to reduce gal. per min. 
to cu. ft. per sec. 

Q 13,502X144 n^.^iT^ A 

^— :? = 60 X 7.48 X 14 X 20 = ^''^^ ^'' ^' ^""' ^^• 

<*> ^- = 60 xfll X 14 X 20 = ^''^^ ^^' P"^ ^""' ^^• 

(497) {a) See Art. 997. 

W=2\b. 8^oz. =40.5oz. 
ze/ = 12 oz. 

W = 1 lb. 11 oz. = 27 oz. 
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By formula 30, 

e ^ W-w 40.5-12 28.5 ,^ . 

bp. Ur. = -rjTj = -T-r — r- = --— " = 1. 9. AHS. 

^ W'—w 27 — 12 15 

(b) 15 oz. = ^Ib. = .9375 lb. .9375~.03617 = 25.92 cu. 

lb 

in. = volume of water = volume of slate. Therefore, the 
volume of the slate = 25. 92 cu. in. Ans. 

(498) In Art. 1019 it is stated that the theoretical 

2 2 

mean velocity is -|/2^A. Hence, z/,„=-4/2 X 32.16 X 3 = 

o o 

9.26 ft. per sec. Ans. 

(499) {a) 4 ft. 9 in. = 4.75 ft. 19 - 4.75 = 14.25. 
Range = j/Uiy^ >/4 X 4.75 X 14.25= 16.454 ft. Ans. 

{b) 19 - 4.75 = 14.25 ft. Ans. 

(c) 19 ^ 2 = 9.5. Greatest range = |/4 X 9.5' = 19 ft. 
Ans. (See Art. 1009.) 

(500) Use formulas 46 and 50. 

v^ = 2.315l/|f = 2.315/-^^!^^^ = 46397 ft. per sec 

From the table, /= .0230 for z^^ = 4 and .0214 for v^ = 6. 
.0230 - .0214 = .0016. 6-4 = 2. 

4 5397 -4 = .5397. Then, 2 : .5397::.0016 : ;r, or ;r = 
.0004. Hence, .0230 - .0004 = .0226 =/for v^ = 4.5397. 

J 25x"5 



e = 60x60x.09445x5'X. .0226x1,300 + ^X5 
17,350 gal. per hr. Ans. 

(501 ) Obtain the values by approximating to those given 
in Art. 1033. Thus, for v^ = 2, /= .0265; for z;^ = 3,/ = 
.0243; .0265 - .0243 = .0022. 2.37 - 2 = .37. Hence, 1 : 37 
:: .0022 : ;r, or ;r = .0008. Then, .0265 - .0008 = .0257 =/ 
for v^ = 2. 37. Ans. 

For v^ = 3,/= .0243; for v^ = 4,/= .0230; .0243 - .0230 
= .0013. 3.19 — 3 = .19. Hence, 1 : .19:: .0013 : ;r, or ;r = 
0002. Then, .0243 - .0002 = .0241 =/£or v^ = 3.19. Ans. 



200 HYDROMECHANICS. 

Forz/^ = 4,/=.0230; forz/« = 6,/= .0214; .0230 -.0214 
= .0016. 5.8 — 4 = 1.8. 6 — 4=2. Hence, 2 : 1.8::. 0016 : 
;ir, or^ = .0014. Then, .0230 — .0014 = .0216 =/for v^ = 5.8. 
Ans. 

Forz/,„ = 6, /= .0214; iovv^ = 8, /= .0205; .0214 — .0205 
= .0009. 7.4 — 6 = 1.4. 8 — 6 = 2. Hence, 2 : 1.4 =.0009 : x, 
or jr = .0006. Then, .0214 — .0006 = .0208 =/ for v^ = 
7.4. Ans. 

For z/^ = 8,/= .0205; iorv^= 12,/= .0193; .0205 — .0193 
= .0012. 9.83-8 = 1.83. 12-8 = 4. Hence, 4 : 1.83:: 
.0012 : X, ov x = .0005. Then, .0205 — .0005 = .02 =/for 
v^ = 9. 83. Ans. 

For v„, = 8, /= .0205; for v^ = 12, /= .0193; .0205 - 
.0193 = .0012. 11.5-8=3.5. 12-8 = 4. Hence, 4 : 3.5 
::.0012 : .r, orx = .0011. .0205 — .0011 = .0194 = /for z;« = 
11.5. Ans. 

(502) Specific gravity of sea-water is 1.026. Total area 
of cube = 10.5' X 6 = 661.5 sq. in. 1 mile = 5,280 ft. Hence, 
total pressure on the cube = 661.5 X 5,280 X 3.5 X .434 X 
1.026 = 5,443,383 lb. Ans. 

(503) 19' X .7854 X 80 = 22,682 lb. Ans. 



PNEUMATICS. 

(QUESTIONS 504-553.) 



(504) The force with which a confined gas presses 
against the walls of the vessel which contains it. 

(505) (a) 4 X 12 X .49 = 23.52 lb. per sq. in. Ans. 
{6) 23.52 -7- 14.7 = 1.6 atmospheres. Ans. 

(506)* (a) A column of water 1 foot high exerts a pres- 
sure of .434 lb. per sq. in. Hence, .434 X 19 = 8.246 lb. per 
sq. in. , the required tension. A column of mercury 1 in. high 
exerts a pressure of .49 lb. per sq. in. Hence, 8.246 -^ .49 = 
16.828 in. = height of the mercury column. Ans. 

(b) Pressure above the mercury = 14.7 — 8.246 = 6.454 
lb. per sq. in. Ans. 

(507) Using formula 53, /, =4r = ^^^'^ ^ ^ ^ ^ = 
17.64 lb. Ans. 



z/, 2.5 



(508) (c) Using formula 61, 

,, .37052 W T .37052 X 7. 14 X 535 ^, , ^^ .^ . 

V= -— = .- -^ = 64.188 cu. ft. Ans. 

P 22. 05 

(r= 460° + 75° =535°, and/ = 14.7 X 1.5 = 22.05 lb. 
per sq. in.) 

(a) 7.14 -T- .08 = 89.25 cu. ft., the original volume. Ans. 

(6) If 1 cu. ft. weighs .08 lb., 1 lb. contains 1 h- .08 = 
12.5 cu. ft. Hence, using formula 60, pV= .37052 T, or 

^=i^= ''"3705f' = ^"^-^«^°- 743.887-460 = 
283. 887°. Ans. 

For notice of the copyright, see page immediately followiriij the title page. 
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(509) Substituting in formula 59, / = 40, / = 120, and 
/ = 55 

' > ,.a/460+55\ 40x515 „;,«,-,,. . 

(510) Using formula 6 1 , / F = . 37052 W T, or 
"^=7^^- ^=460° + 60» = 620°. 

Therefore. ^F=-^J^l|i^ = . 076296 lb. Ans. 

(511) 175,000 -T- 144 = pounds per sq. in. 

(175,000 ^ 144)4- 14.7 = 82.672 = atmospheres. 

Ans. 

(512) Extending formula 63 to include 3 gases, we have 

PV=p^v^+Jf^v^+p^v^, or40xP= 1 X12 + 2X10 + 3X8. 

56 
Hence, P= j^ = 1.4 atmos. = 1.4 X 14.7 = 20.58 lb. per 

sq. in. Ans. 

(513) In the last example, PV=56. In the present 

case, /*=—-— atmos. Therefore, F = ^^ = -—— = 35. 79 
14.7 J^ 23 

cu. ft. Ans. 14.7 

(514) For / = 280°, 7^=740°; for/ = 77°, r= 537*1 
p V= .37052 WT, or W= -^^^Y' (^^^^^^^ «!•) 

Weight of hot air = ^3/^^^ ^^'^^^ = 536.13 lb. 

Weight of air displaced = ^3^^^^^ ^^^ fg^ = 738.81 lb. 
738. 81 - 536. 13 = 202. 68. 202. 68 - 100 = 102. 68 lb. Ans. 

(515) According to formula 64, 
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Therefore, T = ^ ...-.-.^o = 439. 35°. Since this is less 
' 1.411168 

than 460*", the temperature is 460 — 439.35 = 20.65° below 

zero, or — 20. 65°. Ans. 

(516) A hollow space from which all air or other gas 
(or gaseous vapor) has been removed. An example would 
be the space above the mercury in a barometer. 

(517) One inch of mercury corresponds to a pressure of 

.49 lb. per sq. in. 

1 .49 

-r- inch of mercury corresponds to a pressure of '-—l lb. per 
40 ' 40 

49 
sq. in. ^ X 144 = 1.764 lb. per sq. ft. Ans. 

(518) (a) 325 X .14 = 45.5 lb. = force necessary to 
overcome the friction. 6 X 12 = 72* = length of cylinder. 
72 — 40 = 32 = distance which the piston must move. Since 
the area of the cylinder remains the same, any variation in 
the volume will be proportional to the variation in the 
length between the head and piston. By formula 53, 

rpu f ^ A^l 14.7X40 o 1^ lU 

pv-=ip V Therefore, /=^^-^—^= — = 8.1- lb. per 

sq. in. = pressure when piston is at the end of the cylinder. 

Since there is the atmospheric pressure of 14.7 lb. on one 

2 
side of the piston and only 8.1 -lb. on the other side, the 

o 

2 

force required to pull it out of the cylinder is 14.7 — 8.1- = 

6 

6.5- lb. per sq. in. Area of piston = 40* X .7854 = 1,256.64 
o 

sq. in. Total force = 1,256.64 X 6.5^ = 8,210.05. Adding 

o 

the friction, 8,210.05 + 45.5 = 8,255.55 lb. Ans. 

(b) Proceeding likewise in the second case, /^' =/j ^'^, or 

{) V 14 7 V 40 
/ =^^1-11 = '^'' ^ ^^ = 98 lb. 98 ^ 14.7 = 83.3 lb. per sq. in. 

1,266.64 X 83.3 + 45.5 = 104,723.612 lb. Ans. 
C Vol VI.—i^. 






!fl<h • 'T ■=: rr^T'ai -rii3ZDe: = r_ ♦r^ — -kJ=lK 
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: ^ T y i y T 7 — 4*j y r >i, :ir /'^ n'!>.4 lb. peraq. fn. Ans 

^flr24; V^r >r i;-rl IV = ^\ 3*, and ^, respcctrvdy. 

;f.-^.r A ^ / 1 y i = i-tr VI. f- = the voLumc of the blodL 
Th*t 'A^^M V.;'. ^^.'i-h, a.4 rci'jLcn. inore m. a ^acnniii as the 
w* i^:-;* ^,f 'h/t i.r it djittlsLf^tta. In. example 5i»>, it was found 
\-,;«?: I ^-: ft. ^.f air at a temperature of 60^ weighed 

^/:^.9M. :\ . <r:^\iu^» / u - 1,^/; = 1,201.83 ib. Ans. 

r «2«; ^^^> ^ S'^e Art, 1 O^iS-) 127 + IS = 14a 

l4/.»5^;:; -:- ,7/; = 19.942 H.P. Ans. 
(//) bivhar^^: in j^allons per hour = voliime of cylinder 
in ni, ff. X rnirnU:r of strokes per minute X 7.48 X 60 = 



O'^ ' 



7HM X 125 X 7.48 X 60 = 24,784.3 gal. perhr. Ans. 



(ftJid) In tliin (Txamplc, the number of times that the 
|M(»nji (Irlivrrrt Wilier in I niinute is 100 ~ 2 = 50; in the last 
ruiiMipIr, \*^ti. Ilr-nrc, tlui number of gallons discharged 

50 
|iiM Itniii In \\\U\ cuHr will be 24,786 X 7^7= 9,914.4gal. Ans. 
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(527) See Art. 1043. 

3Q 23 

Pressure in condenser = — ^-r — x 14.7 = 3.43 lb. per sq. 

in. Ans. 

(528) 144 X 14.7 = 2,116.8 lb. per sq. ft. Ans. 

(529) .27 -7- 3 = .09 = weight of 1 cu. ft. Using formula 
56, 

/ W^ =/, W, or 30 IV, = 65X .09. W^ = .195 lb. Ans. 

(530) Using formula 61 , 

/ V= .37052 fK r, or 30 X 1 = .37052 X .09 X T. 

. o7v/0>w X • oy 

(531 ) 460°+ 32° = 492° ; 460°+ 212° = 672° ; 460°+62° 
;= 522°, and 460° + ( - 40°) = 420°. 

(532) Using formula 61,/ r=. 37052 IV T, and 
substituting, 

(14.7X10) X 4 =. 37052X3.5 X T, or r=i|^^^^^ = 
453. 417°. 453. 417 - 460° = - 6. 583°. Ans. 

(533) Using formula 63, f^ /'= ^/ + ^, /„ we find 

^^15><.63+m<lM><i= 71.316 lb. Ans. 

25 

(534) Using formula 60, / F'= .37052 T, or P = 

.37052X540 ^^.. . , . 
-^r = 20 lb. per sq. m., nearly. Ans. 

(535) One inch of mercury represents a pressure of 
.49 lb. Therefore, the height of the mercury column is 
12.5 4- .49 = 25.51 in. Ans. 

(536) Thirty inches of mercury corresponds to 34 ft. 
of water. (See Art. 1043.) Therefore, 

30*^ : 34 ft. :: 27*^ : :ir ft., or ;ir = 30.6 ft. Ans. 

A more accurate way is (27 X .49) -t- .434= 30.5 ft. 
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(537) (a) 30 — 17.5 = 12.5 in. = original tension of gas 
in inches of mercury. 30 — 5 = 25 in. = new tension in 
inches of mercury. 

rP=z//+z/,A (formula 63), or 6.7x25=6.7Xl2.5+z;,x30. 

6.7X25-6.7X12.5 ^^^1 - . 

V, = jr^ = 2. 79 - cu. ft. Ans. 

60 6 

{b) To produce a vacuum of inches, 

6.7X30-6.7X12.5 ^ ^^^ .^ . 
v^ = — = 3. 908 cu. ft. Ans. 

(538) 11 + 25 = 36,. final volume of gas. 2.4 -5- 36 = 
r^ lb. Ans. 

10 

(539) Using formula 59, 

/460 + /A ,„ /460 + 300\ ,„ ^^ ,, 
^* =^(460T7) = '^ ^ ( 460T60 ) = "-^^ ^^' ^' ^' !°- 

(540) r= 460 + 212 = 672°. Usingformula61,/ F = 
.37052 WT, we have 14.7 X 1 = .37052 X W^X 672, or W- 

14.7 
.37052 X 672 



= .059039 lb. Ans. 



(541) (a) ^^'^-i^^f^^^^^ = 5.8178 cu. ft. = volume 

of cylinder. 

32 — 26 = 6 in., length of stroke unfinished. 

• 5.8178 X Jt = 1.0908 cu. ft. Ans. 
32 

(b) By formula 61, taking the values of /, F, and T at 
the beginning of stroke, 

^j7-_ 37Q52 IVT or W=:.' ^^ 14.7x5.8178 

py-,6iK)04. yy I, or '^ - .37052 T .37052 X 535 

.43143 lb. Ans. 

{c) Now, substituting in formula 61 the values of F, 
W^ and T at time of discharge, 

^ .37052 WT .37052 X .43143 X 585 ^^ ^^„ ,^ 

/ = y = i:o908 ^^^'^^^ ^^' P^' 

sq. in. Ans, 
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(542) Using formula 63, VP= vp+v^fi^, or 30 X 35 
= 19 X 12 + 21 A, or A = ^QX^^-^^X^^ = 39.U lb. per 
sq. in. Ans. 

(543) Use formula 64. PV=U^'+^\t. 

r= 460 + 72 = 532. 



/ 13 X 45 17 X 60 \ 
V 520 + 540 ;^^^ 



Therefore, P = -^ ^^ ^ = 26. 723 lb. per 

oO . . 

sq. m. Ans. 

(544) See Art. 1043. Since the barometer column 
stands at 30 inches for a perfect vacuum, the height when 
the air is admitted will be 30"^ — ^'' = 25^^ Ans. 

(545) Sp. Gr. of alcohol =. 8. Therefore,16x.434x.8= 

pressure exerted by the column of alcohol. '—— — = 

.49 

11.337 in. = height of a column of mercury that will give 

the same pressure as 16 ft. of alcohol = number of inches 

shown by the gauge. Ans. 

(546) {a) 14.7 + 9 = 23.7 lb. per sq. in. Using 

formula 53, 

_/z;_ 14.7x80 _ _ 

''^-A " 23.7 -49.62m.- 

distance between piston and end of stroke. Since the area 
of the piston remains constant, the volume at any point of 
the stroke is proportional to the distance passed over by the 
piston. Hence, we may use the latter for the former in the 
formula. 80 — 49. 62 = 30. 38 in. Ans. 

{d) Area of piston = 80' X .7854. The volume of air at 
point of discharge is 80' X .7854 X 49.62 cu. in. = 

80»X. 7854X49. 62 ,,, ^, . . 

^ ^^^ = 144. 34 cu. ft. Ans. 

1,728 

(547) Using formula 56,/ fK, = /, fK, or 3. 5 X 1 4 7 X 2= 

/, X 13; hence, /^ = — = 7.915+ lb. per sq. in. 

Ans. 
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(548) 60*^ — 50' = 10'. Since the volumes are proper 
tional to the lengths of the spaces between the piston and 
the end of the stroke, we may apply formula 62, 

py^AK, 14.7 X 60 ^ /, X 10 
T T^ ' ^^ 460 + 60 460 + 130* 

^. - ^ 14.7 X 60 X 590 _^ ^^,. . . 

Therefore, / = = 100. 07 lb. per sq. m. Ans. 

(549) T = 127° + 460° = 587°. Using formula 60, 
pV=, 37052 r, or F = -^^^^^ X 587 ^ ^ ^^^ ^^ ^^ ^^^ 

(550) r = 100° + 460° = 560°. 
Substituting in formula 61,/ F= .37052 WT, or 

jj. .37052 PT T .37052 X .5 X 560 ^ „^^ . . 

K = = T^r^rr = 3.735 cu. ft. Ans. 

P 4,000 

(551) Use formula 64. PV=(^+^\t. 

T- 110° + 460° = 570°; T^ = 100° + 460° = 560°; T, = 
130° + 460° = 590°. 



/ 90 X 40 80 X 57 \ 
_\ 560 +^90^;^^^ 



Therefore, F= -^^ , " ^ = 67.248 cu. ft. 

Ans. 

(552) The pressure exerted by squeezing the bulb may 
be found from formula 53, in which / is 14.7, v^ the orig- 
inal volume = 20 cu. in., and v^^ the new volume, = 5 cu. in. 

. pV 14.7X20 ^o Q 1U O^U A ^ ^u 

p^ = - — = = 58.8 lb. The pressure due to the 

atmosphere must be deducted, since there is an equal pres- 
sure on the outside which balances it. 58.8— 14.7 = 44.1 
lb. per sq. in. = pressure due to squeezing the bulb. 
3'X .7854= 7.0686 sq. in. = area of bottom. 7-0686 X 44.1 = 
311.725 lb. 7.0686 X .434=3.068 lb. = pressure due to 
weight of water. 311.725 + 3.068 = 314.793 lb. Ans. 

(553) Use formula 58. 

_ W4C0+^\_ / 4G0+115 \_ 4 g ^^ ft ^^ 



HEAT. 

(QUESTIONS 554-6ia) 

(554) 9 hr. 25 mm. = 565 min. 

55 -h 2 = 27.5 min. = time it would take to heat 1 lb. of 
the substance to this temperature under the same conditions. 
27.5 -r- 565 = .04867 = specific heat of the substance. Ans. 

(555) Increase in diameter = 4.001 — 3.9985 = .0025'. 
C, = .00000599, from Table 19. Hence, using formula 

1 0025 

Q^> '^LCr 3.9985 X .00000599 = ^^^'^^^ ^"^^'y- '^^"^' 
104.4 + 80 = 184.4°, nearly. Ans. 

(556) {a) Substituting in formula 72 W= 360, /, — 
/ = 104.4, and s = .1165; n=lV (/,-/) ^ = 360 X 104.4 
X .1165 = 4,378.536 B. T. U. 

Since 12^ of the total heat is lost by radiation, the above 
number of B. T. U. must be the number remaining after 
subtracting the heat units lost by radiation from the total 
number; or it is 100 — 12 = 88^ of the total number. 
Hence, dividing by .88 we obtain 4,378.536 -r- .88 = 4,975.6 
B. T. U., total heat required. Ans. 

(*) 4,975.6 X 778 = 3,871,017 ft. -lb. Ans. 

(557) {a) 80* X .7854 = 5,026.56 sq. in. = area of 
piston. 

p V =p^ V,. At the beginning of the stroke/ = 14.7, and 
the volume may be represented by the length of the cylinder, 
80 in. ; at the point of discharge/, is 120, therefore, 80 X 14.7 
= 120 X ^, or z/ = 9.8 in., the portion of the stroke uncom- 
pleted at discharge. 

-^ — i-—— — • — = 28.507 cu. ft., volume of air dischargfed. 
1,728 ^ . 

' Ans. 

For notice of copyright, s«e page immediately following the title page. 
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{d) By formula 80, Z = 331. 5744/ Flog ^ = 331. 5744 X 

120 X 28.507 log ^ = 331.5744 X 120 X 28.507 X .91186 = 
1,034,289 ft. -lb. Ans. 

(558) (a) Volume of cylinder = area of piston x length 

of stroke = ' ' — X z-^ = 232.71 cu. ft., nearly. 

144 12 

From formula 81, A^.*"" = A^i*'"k or v^ = ^'yIlEi — . 

Substituting for /^ and v^ their values at the beginning 
of the stroke, and for/, its value at discharge, we have 

»1/14.7 X 232.71*-" 
^ 120 ' 

log 14.7 + 1.41 log 232.71 - log 120 
log V, = —^ j^Ij ^ , or 

1.16732 + 1.41 X 2.36682 - 2.07918 , ^^^,, 
log v^ = ! — = 1.72011. 

v^ = 52.494 cu. ft., the volume discharged. Ans. 
{b) To find the work, use formula 84, 

L == 351.36/ fTi - (-p) n = 
351.36 X 14.7 X 232.71 X [l - ( 52^494 )"]' 

Igiij =.41 (log 232.71 -log 52.494) = 

(000 7i\»*» 

1.8414. 

1 — 1.8414 = — .8414, the minus sign indicating that the 
work done by the air is negative ; that is, that work is done 
upon the air instead of by it, or that the air is compressed. 

L = 351.36 X 14.7 X 232.71 X .8414= 1,011,317 ft. -lb. 

Ans. 

(559) See Arts. 1090 and 1135. 
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(560) Using formula 65, 

{a) />= I X 2,917 + 32 = 5,282.6° F. Ans. 

{b) /^ = I X 637 + 32 = 1,178.6 F. Ans. 
{c) /^ = I X (- 260) + 32 = - 436° F. Ans. 

(561) See Table 21, Art. 1134, and Table 22, Art. 
1141. 

- 50 - ( —37.8) X 12 X .0333 = 4.875 = units of heat 
necessary to raise the temperature to the fusion point. 
5.09 X 12 = 61.08 B. T. U. required to melt the mercury. 
[662 - ( - 37.8) ] X .0333 X 12 = 279.64 B. T. U. required 
to raise the temperature to the point of vaporization. 
157 X 12 = 1,884 B. T. U. required for vaporizing it. 
4,875 + 61.08 + 279.64+ 1,884 = 2,229.595 B. T. U. Ans. 

(562) Using formula 71,/ r= WR T, or 

^= It = 5.34946 X 540 = -^^^^^^- ^"^- 

(563) See Tables 21 and 22 for specific heat and tem- 
perature of fusion of copper. 7 lb. 5 oz. = 7.3125 lb. 
2,100° - 78° = 2,022°. 2,022 X 7.3125 X .0951 = 1,406.13 
B. T. U. Ans. 

(564) By formula 73, / = ^'^^ + ^^- ^- +5'^- '^ = 

2.25 X. 0314 X 40 + 4 X 65 + 1.75 X .1298 X 62 _ o a 

2.25 X. 0314 + 4 + 1.75 X. 1298 - ^4-4d . Ans. 

(565) Use formulas 69, 67, and 68. {a) v=VC^t = 
4 X 4 X 20 X 1,200 X .00002058 = 7.903 cu. in. Ans. 

(*) / = Z C, / = 20 X 1,200 X .00000686 = .16464 in. Ans. 

(c) ^ = ^ (7, / = 4 X 4 X 1,200 X .00001372 = .2634 sq. in. 

Ans. 

(566) Using formula 71 , 

^ F= WR T or T=z ^ = ^^ ^ ^^ — i 167 45® 

^'^ ^^^'^^ ^ WR 10 X .38143 - ■^'■^^^•^^ • 

1,167.45° - 460° = 707.45°. Ans. 

(567) See Art. 1124. 



(568) By formula 73,/= '^^lZ^. ivX+ IvX '' 



: .0951) 128 - 8.85 > 



85-1.5X-0851x85_ 



(S69) Draw the lines O X and O Y (Fig. 46) perpen- 
dicular to each other. On X take any convenient dis- 
tance, say ^ inch, to represent one unit of volume (1 cu. ft), 
and on <? K take a distance of say 3 inches to represent the 
required pressure of 84 pounds. Our scale of pressure is, 




then, 28 pounds to the inch. The ordinates are now erected 
as shown in Art. 1 156. Thus, at A the volume is 1, and 
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the pressure 84 pounds; hence, p v=%L "Rntpv =ip^v^=^ 

84 84 

/, z/„ etc.,= 84; hence, p^ = — , /, = — , etc. When v = 1, 

84 ^* ^' 

/ = ^ = 84=(2A 

■*■ 84 

When z;=:2,/ = ^ = 42 = NB. 

84 
When z;=3,/ = ^ = 28 = M C. 

84 
When z; = 4, / = ~ = 21 = Z A 

4 

84 
When 2/ = 5, / = ^ = 16.8 = KE. 



84 
When z;=6,/ = ^=14= GK 

b 

A curve through A, B^ C, Z>, £, and /^ will be the one 

required. 

(570) Divide the space Q G into 10 equal parts, as shown 
in the figure, and draw the ordinate at the middle of each 
space. The average ordinate will be found to be 29. 95 lb. The 
volume represented by the length ^ G is 5 cu. ft. Hence, 
the work is 29.95 X 5 X 144 = 21,564 foot-pounds. Ans. 

Calculating the work by formula 79,, 

Z = 331.5744/ F log -^; 

L = 331.5744 X 84 X 1 X logy = 21,673 ft. -lb. Ans. 

(571) [a) 460 + 96 = 556° F. ' (b) 273 J + 32 = 305 J° C. 
{c) 273J + 180 = 453J° C. {d) 460 + 650 = 1,110° F. (e) 
273i - 40 = 233i° C. 

(572) 32°- 20°= 12°. 12 X 7 X .504 = 42.336 B. T. U. 
required to heat the ice to 32°. 142.65 X 7 =998.55 B. T. U. 
required to melt the ice. 212°— 32°= 180°. 180 X 7 Xl = 
1,260 B. T. U. required to heat the water to 212°. 
966.6 X 7 = 6,766.2 B. T. U. required to change 7 lb. of 
water at 212° into steam at 212°. 42. 336 + 998. 55 + 1, 260 + 
6,766.2 = 9,067.086 B. T. U. 

9,067.086 X 778 



43 X 33,000 



= 4.971 horsepower. Ans. 



(573) Using formula 84, and substituting the values 
dp and fat beginning of compression, we have 

Z = 351.36/ f'[l-(-^)"] = 

351.36 X 14.7 Xl[l-(|-3)"]. 
Log(-^y =log4" = .411og4=.4lX .60306 = .34684. 
The number whose logarithm is .24684 is 1.7654. 

Therefore, i^" = 'i-1^5i. 1 - (45)"= ^ " 1-7654 = 
—.7654, the minus sign indicating that the air is compressed 
Hence, L = 361.36 X 14.7 X .7654 = 3,953.28 ft.-Ib. Ans. 

(574) On account of the great irregularity in outline 
of this figure, a division into ten parts will not give a sufl5- 
ciently close approximation to the mean ordinate; hence, it 
is divided into 20 equal parts, as shown by the full lines. 



<}, 
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(See Fig. 47.) The dotted lines, situated midway between 
the full lines, represent the ordinates which are to be meas- 
ured. The sum of all the dotted lines, divided by the num- 
ber of divisions, gives .9365' for the mean ordinate. Draw 



the line C D parallel Xo A B zX & distance from A B equal 
to .9365', and where it cuts the curve will be the points 
from which to draw the mean ordinate, as C E. 

(575) Prolong A B ia both directions as shown in 
Fig. 48. Draw the tangents h i, f A, e d, and c b, perpen- 
dicular to A B. Since the outline / A £■ is very nearly 
triangular, and is quite small compared with the rest of the 
consider it a triangle, and draw tn n half way 




Fig. «, 
between A and ff. Consider m n as the mean ordinate. 
Then, A £■ X m » = .34 X -28 = .0952 sq. in. In a similar 
manner, area of a rfc = .17 X .4 = .068 sq. in. Dividing 
Afcdiato 8 equal parts, and drawing the ordinates at the 
middle points of these divisions (for convenience the full 
lines, similar to those in the last figure, have been omitted, 
and the ordinates at the middle points only have been 
drawn), the mean ordinate is found to be 1.238'. The 
length.^ d= 1.31'; hence, areaof .^/c -/= 1.31 X 1.238 = 
1. 6087 sq. in. Dividing a c b into 8 equal parts, the mean 
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ordinate is found to be .154; the length ^ r is 1.34; hence, 
area a c b=:l,d4:X . 154 = . 2064 sq. in. Dividing Ag-i into 
5 equal parts, the mean ordinate is found to be .82'; the 
length A ^is 1.07'; hence, area A £• i= 1.07 X .S2 = .8774 
sq. in. Dividing Ai b c into 10 equal parts, the mean ordi- 
nate is found to be 1.925'; its length A ^=3.21'; hence, 
area A ^* * ^ = 3.21 X 1.925 = 6.179 sq. in. 

1.G087 + 6.179 = 7.7877 sq in. = area Aibc defA A. 

.0952 + .068 + .2064 + .8774 = 1.247 sq. in. 

7.7877 — 1.247 = 6.5407 sq. in. = required area^/ b a efg. 

Ans. 

(576) Using formula 73,/= W^Z-^-wXlwlsl ' 

For water, 5, = 1 ; therefore, W^, /+ ( W^,^,+ W^s^) t^Wj^ 
+ PF,^,/,+ W^,^./„and 

*~ /-/ 

Substituting the given values for fFand / and the values of 
5g, .^3, etc., from Table 21, we have 

„^_ 4X.426X80+.5X.0939X 73-75. 61(4X.426+.5X. 0939) 
^ 75.61-73 

7.35802 ^oiniu A 
= — -^r-^T^— = 2.819 lb. Ans. 

(577) See Arts. 1138, 1139, 1131, 1132, and 
1152. 

/*^G\ JT ^^' 120X1,200' ,. ^. 

(578) ^= -^^ = 2X32.16 = ^^^^^^^ ^^^'^ ^^ 
foot-pounds. 

(See Art. 957.) ^ ^ c.1 .a X .15 = kinetic energy ex- 

A X OAi. Id 

pended in heat. Now, dividing by 778 to reduce the foot- 
pounds to B. T. U. , ^f^^^^^^^^l = 517. 975 B. T. U. Ans. 

(579) See Art. 1126. 

(580) Using formula 73, / = i*^^±lg^^^±^.. 
(Since .r,, the specific heat of water, is 1, it may be left out.) 
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Transposing, 

_ ^,(/,-/) + ]^,j,(/,-./) _ 1.875 (91-86)+1.25x.0562x(91-86) _ 

'^*"" ^i(/-/i) 5(86-40) 

.0423. Ans. 

(See example, Art. 1137.) 

(581 ) r, = 460° + 450° = 910° ; T, = 460° + 70° = 530°. 
Efficiency = ^' " ^' = ^^^T^^^^ = 41. 76^. Ans. 

(582) Use formula 7 1 , / T = WR T. T = 400° + 200 
= 660°; and R, from Table 20, is 5.34946; therefore, W= 
/F_^OO^TOO__ 

RT - 6.34946 X 660 ~ **-^^*^ ^^- ^"^• 

(583) (See Arts. 1091 to 1098.) 

(a) C: R = 100: 80, or C=^R = ^R. ^ 

80 4 

Hence, 44 X j = 55° C. Ans. 

80 4 

Hence, 44 X ^ + 32 = 131° F. Ans. 

4 ' 

(584) By formula Sl,/,^;/*" =/,7//•*^ The volume 
of 1 lb. of air at atmospheric pressure, and having a tem- 
perature of 60°, is — x^^TTT^r— r = 13.107 cu. ft. (Scc qucs- 
^ ' .076296 ^ ^ 

tion 510.) 

Substituting in the above formula, 14.7x13.107**" = 
235 X ^Z*", or 

'•*yi4.7x 13.107*-*' , Q_^ ,^ . 
V, = y 5^r = 1.8356 cu. ft. Ans. 

From formula 71, remembering that PF= 1, we have/ V 

= RT, or r===^=?55-^-M^= 1,164.2°. 1,164.2°- 
460° = 704.2°. Ans. 

(585) (See Arts. 1 107, 1054, and 1099.) 
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(586) {a) Cubical contents of cylinder = (10" — 9^') 

X .7854 X 72 = 81G.48 cu. in. = ' cu. ft. Specific grav- 

1,7/co 

ity of copper is 8. 79. Then, the weight of the cylinder is 

^ ^ .^ X 62.5 X 8.79 = 259.58 lb. Specific heat of copper, 

from Table 21, is .0951. Substituting the values of «, W, 
and s, in formula 72, n= W^(/, — /)5, we have 7,000 = 

7 000 

259.58 (/. - /) X .0951. or /.- t = ^,,^,^^_,,,^ = 283.56«= 

increase of temperature. 

By formula 67, I = L C, / = 72 X .00000955 X 283.56 = 

.195 in. Ans. 

(*) By formula 69, v=VC^ / = 816.4:8 X .00002864 X 
283.56 = G.G3 cu. in. Ans. 

{c) By formula 67, / = Z C, / = 10 X .00000955 X 283.56 

= .027 in. Ans. 

(587) From Table 19, the coefficient of expansion for 
gases is .00203252. Substituting in formula 70, 

y ^ r i + c, (/, - 32) n ^ ^ r i + .00203252(390 ~ 32) 1 

' Ll + C, (/, - 32) J ' L 1 + .00203252(65 - 32) J ^ 
12 = 19.428 cu. ft. 19.428 - 12 = 7.428 cu. ft. Ans. 

The same answer may be obtained by using formula 58. 

(588) Foot-pounds per minute =75x2x20x2x .18. 
Foot-pounds per hour = 75 X 2 X 2 X 20 X .18 X 60. 

XT . V u 75 X 2X 2X 20X .18X 60 ^« ,^ 
Heat units per hour = — = 83.29 

B. T. U. Ans. 

(589) (a) Using formula 87, 7;=r(^y"= 610 X 

= - 130.70°. Ans. 



(i^)"=- 



(d) Substituting in formula 71, the initial values of 

u/ J? ^r A j;r u^ . >. WRT .5x. 37052x610 
PK, /c, y , and K, we obtam / = — -r^ — = = 

' . «/ 

125.505 lb. per sq. in., the initial pressure. Ans. 
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{c) Using formula 86, 

(T \.w*^ /329.24\ "*Tt 

^j = 125.565 X (^^5^) = 15.06 lb. 
' per sq. in. 

Ans. 

(590) 12" X .5236 = 904.78 cu. in. = volume of sphere. 

904 78 
Sp. Gr. of zinc = 6. 86 ; therefore, ^ '^^ X 62. 5 X 6. 86 = 

1,7/co 

224.5 lb. = weight of sphere. (See example 586.) Using 

, , -o ._ ^.^A+ ^^a-^a^a -. 8 X 212 + 224.5 X .0956X 70 

tormula7^,r- ^^^ _^ ^,^^^^ ■■ g + 224.5 X .0956 

= 108.49°. 108.49°— 70°= 38.49°= increase in temperature 
of the zinc sphere after dipping in the boiling water. 

Using formula 69, z/ = FC,/ = 904.78 X. 00004903 X 
38.49 = 1.71 cu. in., nearly. Ans. 

(591) By formula 67, / = Z C^ t. C, = .00000599; 
Z = 900 X 12 ; / = 90° - 28° ; therefore, 1 = 900 X 12 
X .00000599 X (90 - 28) = 4.01 in. Ans. 

(592) According to formula 72, n = W(t^ — /) s^ or 

_ ^ — ^ -_ ^ -_ 1Q0Q A 

^- w{t, - /) - TF" 26 - •^^^^- ^''^• 

(593) See Art. 1161. 

(594) {a) Temperature of vaporization of sulphur, from 
Table 22, is 228. 3°. 

Specific heat of sulphur, from Table 21, is .2026. 

Latent heat of fusion of sulphur, from Table 22, is 13.26. 

228.3 - 40 = 188.3. . 13 X .2026 X 188.3 = 495.94454 
B. T. U. to raise sulphur to melting point. 13.26 X 13 
= 172.38 B. T. U. to melt the sulphur. (495.94454 
+ 172.38) X 778 X 519,956.5 ft. -lb., total work required to 
perform both of the above operations. Ans. 

,,. 519,956.5 ^ ^^^^ , . 

<*> 10 X 33,000 = ^-^^^^ horsepower. Ans. 

(595) 124X 3 = 372 B. T. U., heat given up by the 
turpentine in changing from gas to liquid. 75 X 4 = 300 
B. T. U., heat contained in the water. 300 + 372 = 672 

C. Vol. VL'-iS' 
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B. T. U., heat contained in the mixture at the instant the 
turpentine has become liquid. 672 -4- 4 = 168° = tempera* 
ture of water at the instant that the turpentine has become 
a liquid. 

Applying formula 73, / = 'iyj^iy\ = 
.3 X .426 X 313 + 168 X 4 ^ ^^3^^^ '^^^^ temperature. Ans. 

(596) Specific heat of melted lead, from Table 21, = .0402. 
Specific heat of solid lead, from Table 21, = .0314. 
Temperature of fusion of lead, from Table 22, = 626^ 
Latent heat of fusion of lead, from Table 22, = 9.67. 

626° - 46° = 580°. 800° - 626° = 174°. 

25 X .0314 X 580 = 455.3 B. T. U., heat required to raise 
the lead to melting point. 9.67x25 = 241.75 B. T. U., 
heat required to melt the lead. 25 X .0402 X 174= 174.87 
B. T. U., heat required to raise the temperature of the 
melted lead from fusion point to 800°. 455.3 + 241.75 
+ 174.87 = 871.92 B. T. U., total heat required. 871.92 
X 778 = 678, 353. 76 ft. -lb. Ans. 

(597) 32°- 10°= 22°. 22 X 10 X .504 = 110.88 B. T. U., 
heat required to raise ice from 10° to 32°. Latent heat of 
fusion of ice, from Table 22, is 142.65; then 142.65x10 
= 1,426.5 B. T. U., heat units to melt the ice. 1,426.5 
+ 110.88 = 1,537.38 B. T. U., total heat units to be taken 
from the rpixture to melt the ice. Hence, applying formula 
73, 

H^i Ji /i + IVi s^ U + ^8 6 + Wk JK + Wt J6 U - 1,537.38 
~ WxSx+ W^s^-\- W^-\- Wk-¥ Wt^s^ - 

11.5 X .1298 X 180+42 X .0939 X 240 + 10 X 32 + 50 X 180 + 20 X .0814 X 80 - 1,687.88 

11.5 X .1298 + 42 X .0939 + 10 + 50 +20 X .0314 
= 91.55". Ans. 

(598) {a) A ^.'•" = A vr\ or A = ^.t = 13.216 

Area = ^'"'"A"- = 140X3-13.215x16 ^ ^^^^^ 

.41 .41 

508.69 ^ 20 = 25.434 sq. in. Ans. 
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(g) 25.434 -*- 13 = 1.9565. Ans. 

{c) 1. 9665 X 20 = 39. 13 lb. per sq. in. Ans. 

(599) Use formula 66, /, = (t/ - 32) ^. 
{a) /, = (-10-32)x| = -23i°C. Ans. 

(b) t, = (25 - 32) X I = - 3|° C. Ans. 

(c) t, = (2,200 - 32) X I = 1,204*° C. Ans. 

(600) This must be answered by the student. 

(601 ) Using formula 80,Z = 331.5744/ vlog^ = 

331.5744 X 15 X 10 X log II = 37,467.74 ft. -lb. Ans. 

(602) 520 H. P. = 520 X 33,000 ft. -lb. per minute - 
520 X 33,000 X 60 ft. -lb. per hour = 

520 X 33.000 X 60 3 ^ ^ ^ 1,323,393.31 B. T. U. Ans 

(603) Let / = the required latent heat ; 

W^ = given weight of zinc ; 

W^ = given weight of water; 

s^ = specific heat of zinc ; 

s^ = specific heat of water ( = 1) ; 

/j = temperature of melting zinc; 

/, = temperature of water. 

Then, the total heat of the mixture is W^ s^ t^ + W^ s^ /, -f 
W^ /, and from formula 73, the temperature 

t - EjIih±EiL±Ed or 

102i(4 X .0956 + 10) - 4 X -0956 X 680 - 10 X 60 _ ^^ 

Ans. 

(604) See Arts. 1 1 1 7 and 1 1 20. 

(605) (a) and (6) See Art. 1118. 
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(u) A ncii-camfnrtnr s ane w&n:& wS hoc c o odm,! heat. 

Tber* riaZj s mi stciL yrnfframrev !«it aame substances arc 
ancn. bad ^-^rrdacr.i^rs Trrar '^isj are rermrti rxoor-cciadQctfxSu 



(0O0I W'rierLinsw-rizig'tascjacaDcniyCoosai^ 1123. 

(eOT) Itl Art. liaO ^ 3 stated t£!atlcaiG>rie = 3.96 

K T, U- Hfisicd'x) r^ RT. U.=r» -5- 3L« = 201.515 
€alcr5es^ Azs. 

(i) i»> X 5.'>: = L«.-t R T. U. Absl 

tr=^= ^:,^ 'T^, = -5^4 Ih,, nearly. 

Units of Eeat reqmred = i^, IF (T', — 7*) = x^ '^'(^, — 
= .155<0C X -«4 X m«5 — 4*} ► = 4^.0»U4 R T. U. 
Therefore, 4^.0444 x TTi = 57,379 fL-Kx, neaily. Ans. 

(b) ,21751 X .S^4 (416 — 40») X 77S = 52,429 fL-lb., nearly. 

Ans. 
(e09) See Arts. 1144 to 1147. 

(610) See Arts. 1155 and 1194. 

(61 1 ) Using formula 87, 

r,= ^(yX' = ^^(tt) '^ 839.64**= 380% nearly, above 
if 7. Ans, 
(«1 2) (See Arts. 11 49 and 1 177.) 

(«1 3) Use formula 81 ,/ ^^ = A ^Z***- 

147 X 48*-** =A X (48 - 38)*", or 

^ j = 134. 24 lb. per sq. in. Ans. 
Now, u»inj^ formula 86, 

T ^ fifXi/iiJii^V""* = 951% nearly, = 49r above 0^ P. 

\^^^ f Ans 
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(61 4) See Arts. 1 1 91 and 1 1 92. 

(615) See Arts. 1189 to 1195. 

(61 6) See Arts. 1 1 98 to 1 201 . 

t^^m\ T J. a^i^r^r, 2,719.78 400,215 ^ .^^-, 

(617) Log / = 6.1007 '—Y 4^ — = 6.1007 - 

2,719.78 400,215 . „^^- . „ ^ k«. no lu 

290 + 460 - (290 + 460)' = ^'^^^^^^ ^"^""' ^ = ^^'^^ ^^' 
per sq. in. Ans. 

(61 8) Using formula 91 , 

JI= 1,081.94 + 305 / = 1,081. 94 + .305 X 318 = 1,178.93 
B. T. U. Ans. 

(619) See Arts. 1217 and 1218. 

(620) Using formula 92, 

^ « ^ivr « ^75 475 

/fv^ = 475, or v^ = — - = -^r-. 

J/ ox. 

Hence, 
fj log z/ = log 475 - log 81 = 2.67669 - 1.90849 = .76820 

log V = .76820 X j| = .72301. 

V = 5.2846 cu. ft. = volume of one pound. 
5.2846 X 6 = 31.7076 cu. ft. Ans. 

(621) Using formula 92, 

^ ja A.,^ J. 475 475 
/z^ = 475,or/ = ^ = -^. 

For notice of copyright, see page immediately ff>llo\vinjj;^ the title paj^e. 
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Hence, log/ = log 475 - i| log 7 = 1.77877. 

Id 

p = CO. 086 lb. per sq. in. Ans. 

(622) (a) Looking in the table of Properties of Sat- 
urated Steam, it is found that for a temperature of 320.094° 
the pressure is 90 pounds, and for the next lower pressure of 
the table, 88 pounds, the temperature is 318.510°. Hence, 
the difference in temperature for a difference of one pound 
in pressure is 

320.094- 318.510 _ -,__o 
r — .79/w • 

320.094° - 320° =.094° = actual difference. 

Then 1 lb. : .792°::;r lb. : .094, or x—A% lb., nearly = 
difference in pressure between 320° and 320.094°. 

90 — .12 = 89.88 lb. per sq. in., absolute pressure. 

89.88 — 14.7 = 75.18 lb. per sq. in,, gauge pressure. Ans. 

(b) 110 lb. gauge pressure = 110 + 14.7 = 124.7 lb., 
absolute. 

Temperature corresponding to 125 lb. = 344.136°. 

Temperature corresponding to 120 lb. = 341.058°. 

Difference, per pound difference in pressure = 

344.136°- 341.058° ^,,o 

= .616 . 

o 

125 — 124.7 = .3 lb., difference in pressure; .616 X.3 
= .185°. 

344. 136 - . 185 = 343. 951°. Ans. 

{c) 70 lb. , gauge pressure, = 70 + 14. 7 = 84. 7 lb. , absolute. 

Heat of liquid for 84 lb. = 285.414 B. T. U. 

Heat of liquid for 86 lb. = 287.096 B. T. U. 

v..«. A 287.096-285.414 ^.^ ^ ^ „ 
Difference per pound = = .841 B. T. U. 

.841 X .7 = 589. 285.414+ .589 = 286.003. B. T. U. 

Ans. 
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Total heat at 86 lb. = 1,178.592 B. T. U. 
Total heat at 84 lb. = 1,178.091 B. T. U. 

Difference per pound = — '— — ^r— ^ '■ =.25 B. T. U. 

.25 X .7 = .175. 1,178.091 + .175 = 1,178.266 B. T. U. 

Ans. 

(d) Latent heat per pound at 66 lb. pressure = 904.443 
B. T. U. 

Latent heat per pound at 68 lb. pressure = 903.02 
B. T. U. 

T^-flT A 904.443-903.02 ...o tj rr tt 
Difference per pound = = .712 B. T. U. 

904.443 — .712 = 903.731 B. T. U., latent heat per pound at 
67 lb. pressure. 

903.731 X 3 = 2,711.193 B. T. U. Ans. 

(623) («) The isothermal of saturated steam is a 
straight line parallel to the axis of volumes. 

(6) The equilateral hyperbola. 

(624) From the table of the Properties of Saturated 
Steam, the weight of one cubic foot of steam at a pressure 
of 44 lb. is .106345 lb., and at a pressure of 42 lb. it is 
.101794 lb. 

T^•«: A .106345 -.101794 ^noo.v^ lu 
Difference per pound = ^r = .002276 lb. 

The weight of a cubic foot at 43 lb. pressure is 

. 101794 + . 002276 = . 10407 lb. 
Weight of 38 cu. ft. = .10407 X 38 = 3.95466 lb. Ans. 

(625) See Arts. 1214 and 1215. 

(626) See Art. 1 206. 

To raise 1 pound of water from 55*^ to 140** requires 
140 — 55 = 86 B. T. U. Then, to raise 300 pounds of water 
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Total heat of i y^AizA of steazn at 74 pc=ciiQs r-nesscre 

r= IJT5.431 B- T. U. 

Total h^rat of 1 ;/ot:nd of stcazn at T^ p:::r.cs pressure, 
= 1,1:5,1^^5 B. T. U. 

y,^ , l-ir5.5«S5— I.1T5.451 

Difference per pound pressure = ^ = 

,277 B, T. U. 

.277 / .7 = .KM- L175.431 -7- -** = 1,175. «^5 B. T. U., 
t^^ftal heat of 1 pound of steam at an absolute pressure of 
74,7 fx^unds per .^4. in. 

The total heat (above Z'2') of a pound of water at 140" is 
Mi) -?yZ= 108 B. T. U. 

I fence, each pound of steam on being mixed with water 
lowers in temperature to 140', and in so doing gives up 
l,\ir,J',U — 108 = 1,00:. 625 B. T. U. 

The required amount of steam is 

^^1^ = 23.885 lb. A.S. 

(H27) The temperature 256'' does not appear in the 
table of the Properties of Saturated Steam. The next 
lower temperature is found to be 254.002°; and the next 
hi^^jer, 257.52:i\ The difference is 257. 523 — 254. 002 =3. 52 1^ 
The difference between the lower temperature and 256° is 
256 "- 254.002 = 1.008^ The volume of a pound of steam 
at the lower temperature is 12.68 cu. ft. ; and at the higher 
temperature, 11. y8 cu. ft. The difference is 12.68 — 11.98 
-- .7 cu. ft. 

The difference between the volume at the lower 
temperature and the volume at 256° may now be found by 
proportion 

3.521 : 1.998 :: .7 : x, or;r=.397. 



STEAM AND STEAM ENGINES. 227 

Hence, the required volume of one pound of steam at 
256^ is 

12.68 — .397 = 12.283 cu. ft. Ans. 

12.283 X 4- = 53.226 cu. ft. Ans. 

o 

(628) See Art. 1192. Specific heat of superheated 
steam is .48. Hence, to raise 1 pound of superheated steam 
from 310** to 342° requires 

.48 X (342 - 310) = 15.36 B. T. U. 

To raise 6 pounds through the same range of temperature 

requires 

15.36 X 6 = 9C.16 B. T. U. Ans. 

(629) (.) log /= 6.1007 -H^-i2^ 

= 6.1007- ^'^^^-^^ ^^^'^1^ 



254 + 460 (254 + 460)" 
= 1.50643. 

p = 32. 094 lb. per sq. in. Ans. 

From the tables, / = 32 lb. per sq. in. for a temperature 
of 254°. 

or / = 190.54 lb. per sq. in. Ans. 

From the tables,/ = 189.212 lb. per sq. in. for a tem- 
perature of 377°. 

(630) See Arts. 1220 and 1221. 

(631) (^) //■= 1,081.94 + .305 /. From the table, 

/= 385.759°. 
Hence, //"= 1,081. 94+.305 X 385.759 = 1,199.596 

B. T. U. Ans. 
From the tables, 1/ = 1,199.597. 

(*) /=88; /= 318.51°. 

Hence, //= 1,081.94 + .305 X 318.51 = 1,179.086 
B. T. U. Ans. 

From the tables, I/= 1,179.085. 
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364.093-260.883 



= 37; / = 2C0.883 + - 
/r= 1,081. 94 + .305X262.488 = 1,161.999 B.T.U. 
. Ans, 
From the tables, J/= 1,161.999. 

(632) See Art. 1293. 

(633) See Fig. 49. The lines A" and <? Karedrawnat 
right angles. The scale of volumes chosen is 20 cu, ft. to the ' 
inch, and the scale of pressures 20 lb. to the inch. The vol- 
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umes corresponding to 50, 40, 301b., etc., are found from the 
steam table, and laid off along O X. The pressures are then 
laid off vertically, as shown, forming the required curve A B. 

(634) See Art. 1224. 
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(635) {a) See Arts. 1252 to 1254. 

8 



3 

(b) Clearance / = .07 ; apparent cut-off k^ = - = .375. 



Then, by formula 97, the real cut-off = 
>&. + / _ . 375 + .07 _ .445 _ 

'^-T+T- 1 + .07 -i.07--"^- ^^- 

By formula 96, ratio of expansion, e= ^ = — — = 2.4. 

Ans. 

/ooa\ t» * 1 f»/T A ^1 + ^' .625 + .06 .085 

(636) By formula 97, >& = fqp = i +^06 = roe" 

By formula 96,^ = i = -^ = ig| = 1.547. 

1.06 
By formula 99, M. E. P. = -9-^(1 +^^3 log .) _ ^^^ 

P= 60 + 14.7 = 74.7 lb. ; / = 17 lb. 
Then. M. E. P. = -^ X ^^-^ + 2^3 10^1.5^7) _ ^ ^ ^^ ^ 

47.1 lb. per sq. in. Ans. 

(637) (a) Using formula 98, 

T H V = ^^ AN ^ 47.1 X H X ir X .7854 X 210 X 2 _ 
' 33,000 33,000 "^ 

85.45 H. P. Ans. 

{b) 85.45 X .83 = 70.92 actual H. P. Ans. 
(c) 85.45 —70.92 = 14.53 friction H. P. Ans. 

(638) See Arts. 1 232, 1 236, 1 244, and 1 245. 

(639) (a) See Arts. 1262 and 1276. 

(b) The three principal uses are the following : 

1. To find the I. H. P. of the engine. 

2. To detect defects in valve setting, and to serve 

as a guide in setting the valves. 

8. To determine, approximately, the steam con- 
sumption of the engine. 
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(640) («) Work per stroke per sq. in. of piston = 

n 

3.47 X j^ X 40 = 69. 4 ft. -lb. 

Area of piston = IG* X .7854 = 201.0624 sq. in. 

Then, total work per stroke = 60.4 X 201.0624 = 13,953.73 
ft. -lb. Ans. 

{b) 120 rev. per min. = 120 X 2 = 240 strokes per min. 

_ TT T5 13,953.73 X 240 ,^, ,^ . 
Then, H. P. = = 101.48. Ans. 

Ot>,UUU 

(641 ) Admission, cut-off, release, and compression are 
all too late, and the back pressure is excessive. Admission, 
release, and compression may be made earlier by increasing 
the angular advance ; cut-off may be made earlier by adding 
lap to the valve ; the back pressure can be reduced only by ^ 
reducing the resistance to the passage of the exhaust steam ; 
that is, by enlarging the exhaust port or the exhaust pipe, 
or both. 

(642) Assuming a mechanical efficiency of 80^1^, the 

120 
I. H. P. of the engine must be -^-- = 150. 

.80 

The probable M. E. P. may be found from formula 99. 

e ^ 

.9X 84.7 ( 1 + 2.3 log 4) .^_ ,o rv. lu 
^—j- ^^ — - — . 9 X 3 = 42. 75 lb. per sq. m. 

Assume 550 feet per minute as a fair piston speed. "We 

have, then, /^ = 42.75, and L N -=• piston speed = 550. 

PL A N 
Substituting, in formula 98, I. H. P. = , 150 = 

00,000 

42.75 X 550 X /i . 150 X 33,000 .,^ _ . . 

33;00() ' ^' ^ = 42.75X550 ==^^^'^^ ^^- ^^- ^^^ 



^210.52 



area of the piston. The diameter is, consequently, ,, 

16^^, nearly. Assuming the stroke to be 42 in., the num- 
ber of revolutions, from formula lOO, is 



STEAM AND STEAM ENGINES. 231 

„ _ 6 5 _ 6 X 550 „ „ 
■-~L- 42 -78.57. 

This is a fair number of revolutions for a Corliss engine. 
Hence, an engine Vo^' X 42'', making 78| rev. per min., will 
do the required work. 

(643) (a) 60 pounds, gauge pressure, = 6(i+ 14.7 = 
74.7 lb., absolute; 2 lb. above atmosphere = 2 + 14.7 = 
16.7 lb., absolute. 

Temperature of steam at 74.7 lb. pressure is, from the 
table of the Properties of Saturated Steam, 

306.526 + p344- 306.526^ ^ ^ 3^^^^^. 

Temperature of steam at 16.7 is 

216. 347 + (219. 452 - 216. 347) . 7 = 218. 521^ Then, 

r, = 307.162° + 460° = 767.162° 
and T; = 218. 521° + 460° = 678. 521°. 

, a, . r, - r, 767.162 - 678.521 
Thermal efficiency = ^ — ^ = = 

.1155 = 11.55^. Ans. 

(^) In this case, the absolute pressure of the entering 
steam is 90 + 14.7 = 104.7 pounds per sq. in., and the pres- 
sure of the exhaust steam 3 pounds per sq. in. , absolute. 

The temperature corresponding to the former pressure is 
from the table = 331. 169 - / 331.169 -- 327.625 \ ^ ^ ^^^ ^^^o 

The temperature corresponding to the latter pressure is 
141.654°. Hence, T, is 330.956° + 460° = 790.956°, and 1\ 
is 141.654° + 460° = 601.654°. 

rru 1 «; • 790.956-601.654 ^_^ oq oq«^ 

Thermal efficiency = = .2393 = 23.93^. 

7 JU. yob p^^^ 

(644) {a) Using formula lOO, 

66^__ 6X540 _ 

(*) i? = ^ = ?T^T? = 18<^ r^v. per min. Ans 

Lt /C^ X 1/v 
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(645) The M. E. P. is found as shown in Fig. 50. 

The middle ordinates are drawn as explained in Art 
1159. 

These ordinates are measured and multiplied by the scale 
of the spring, which reduces them from inches to pounds. 




In the figure the sum of the 20 ordinates is 707.2 pounds. 
The mean ordinate, or, what is the same thing, the M. E. P., 

IS, therefore, „„ = 35.3 



distance of 



20 
14.7 



Draw the vacuum line at a 



.3075' below the atmospheric line JtfN. 

Choose the point A near the point of release, and draw A B 
parallel to M N. The height B C oi this line above the 

vacuum line is - ; therefore, the absolute pressure at A or 



.5 is J X iO = 30 pounds. The length A B = l= 2.84', and 

the length of the diagram L is 3.6'. The weight of a cu. ft 
of steam at 30 pounds pressure, absolute, is .074201 lb. 
Substituting these values in formula lOl, 
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^ __ 13,750 / IV _ 13,750 X 2.84 X .074201 _ 
^"" FL "" 35.36X3.6 ~" 

22.76 lb. per I. H. P. per hour. Ans. 

(646) {a) See Arts. 1293 and 1294. 
(6) See Arts. 1314 and 1315. 

(647) Area of high-pressure cylinder = 19* X. 7854 sq.in. 
Area of low-pressure cylinder =32' X .7854=804.25 sq. in. 

Ratio of area of high-pressure cylinder to area of low- 

-. . 19" X .7854 19" 361 

pressure cylinder = 3^ ^ y^^^ = 32^ = Tim* 

M. E. P. of high-pressure cylinder reduced to low-pressure 

361 
cylinder = 52 X ^^ . = 18.332 lb. per sq. in. 

Total M. E. P. reduced to low-pressure cylinder = 
18 + 18.332 = 36.332 lb. per sq. in. 

(a) Substituting now in formula 98, 

T TT T> - -P-^^-^ _ 36.332Xf^X804.25Xl20x2 _^^, ^^ 
^- ■^- •^- - 33,000 33;000 ""Ans 

(6) Since the stroke is the same for each cylinder, the 
ratio of the work done by the two cylinders is proportional 
to the ratio of the two M. E. P.'s reduced to the low-pres- 
sure cylinder. Hence, the ratio of the work done in the high- 
pressure cylinder to that done in the low-pressure cylinder 
is 18. 332 : 18 = 1. 0184. Ans. 

(648) (a) See Art. 1276. 

{d) 1. Decrease the angular advance. 

2. Increase the angular advance. 

3. Lower the boiler pressure or decrease the 

number of revolutions. 

4. Raise the boiler pressure or increase the 

number of revolutions. 



STEAM AND STEAM ENGINES. 



(649) (a) The points desired are shown in Fig. 51. To 
locate the point of cut-off, prolong the steam and expansion 




lines till they intersect, as at 1. From 1 drop the perpen- 
dicular 1 a, and a will be the point of cut-off. 

The point of release may be located by prolonging the ex- 
pansion curve, and noting the point where the actual curve 
departs from it, as shown at d. The point of compression 
c is easily located. 

{i) The M. E. P. of the two diagrams are found as shown 
in the figure. The length of each diagram is divided into 30 
equal parts, and ordinates are erected at the middle points of 
the divisions. The lengths of these ordinates multiplied by 
the scale of the spring used, in this case, 1' = 30 lb., added 
together and divided by 20 gives the required M, E. P. The 
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M. E. P. of diagram A is found to be 30.75 lb. per sq, in., 
and the M. E. P. of diag^ram B is found to be 44.6 lb. per 

sq. in. Ans. 

(650) Using formula 106, 

S = .0944 W= .0944 X 675 X 26^ = 1,688.58 sq. ft. Ans 

(651 ) Area of piston = .7854 X 30* = 700,80 sq. in. The 

piston speed is, from formula 100% 5 = —^ = ~- - = 

b I) 

640 ft. per min. ; hence, the velocity of the crank-pin ( = 7'J 

. 640X3.1416 . ^^^ o 4^^ • 1,005.3 ... .v^r /. 

is ^r = 1,005.3 ft. per mm. = -^-— — = 1().756 ft. 

per sec. The ratio n between the radius of the fly-wheel and 

length of crank is — = 5. Substituting now in formula 107, 

„. A Hg 706.86 X 88 X 32.10 ,, .^, .„ „ . 
^^IFEVJ'^ yxWX 16.755' =l^.^gl-»^ ">■ Ans. 

(652) {a) Use formula 98. 

T TT P ^PJ^AIL ^_ 33,000I. II. P. _ 33,000 X 1/^00 _ 
1. n. 1-.- ^^^^^^ ,or^- ^,j^^ ""4^xyilX70'x2" 

1,924.2 sq. in., area of low-pressure piston. Diameter of 

, ,. , ./ 1,02472 .A' . 

low-pressure cylmder = y ' -■■ = 40 - , Ans. 

(b) Since the stroke is the same for both cylinders, their 
volumes are proportional to the areas of their pistons. 
Hence, using formula 103, 

V area of low-pressure piston E. e v^- x. 

~ = .. . . ^ ^-7-7 — = H-ir^r, or area of hi^h-pres 

V area of high-pressure piston 2.72 

2.72 X 1,924.2 ^^, ^ 
sure piston = r-^ = 951.6 sq. m. 

The corresponding diameter is 



Using formula 104, 

V _ area of low-pressure piston __ ^>.- ^ Jfi\ 

V "" area of high-pressure piston "" ' ^ 

C. Vol VL—Jd. 
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1 924 2 
Hence, area of high-pressure piston = **— 1 = 820. 48 sq. in, 

The corresponding diameter is 32--;, say 32^ . Ans, 

(653) {a) By formula 102, £ = — , or r = -^; but, 

V E V 

by formula 103,-- = ^:^, or -E = 2.72— . Substituting 

this value of E in 102« we have, ^ = 2.72— 77 = 2.72. 

1 1 
Hence, the real cut-off = — = ---^ = .368. Ans. 

y 2/ 1 

(b) From formula 104, — = yEy or -p = -^, 

V 

Substituting this value of pr in formula 102, above, 

e = -^ = /£" = i^5 = 2.345. 
yE 

Real cut-oif = - = -rr-—- = .426. Ans. 

e 2.345 

(654) See Art. 1330. 

(655) The construction is shown in Fig. 52. It is pre- 
cisely similar to the construction shown in Art. 13 13, and 
need not be further described. 

(656) The total heat of steam at 4- pounds prcsKun; is, 
from the steam tables, 

1.128.641 + 1,131.402 ^ j^^.,^^ ^^.^^ j^ ,^, ^ 

z 

Now, using formula 105, 
jr=^^L^l^ = lil^--i;^ti^^-==,:,.7«lb. A,m. 

(657) See Art. 1291. 

(658) (*) Using formula 98, 1. 11. i'. ■ ^'.i' ^.^ , or 

f A _ 33/K>o I. If. i^ :j:j,ooo / n 
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L = stroke in feet. 
12 Z = stroke in inches. 

From the conditions of the problem, 12 Z = 1 ^//, whenrf 

is taken in inches, or Z = — ^/. -4 = .7854^/'. Substituting 

<d 

these values of Z and -^, 

1 /v. n^Q^.^. .7854^/» 33,000X42 
-^X.7854^ =-^— = .2X36.3 X155 > 

, // 33,000 X 42 X 9 _ ^^^ , 

^" ^ = ^ 36.3X155X2X.7854 = ^^'^^ ^"^^^^^ ^"> ^^^ 
I'' 

11 -7-. Ans. 
4 

(^) Stroke = 1--^=11— x 1^7 = 15^ nearly. Ans. 

o 4 o 

(^) Using formula lOO, 

5 = -^^ — = = 387.5 ft. per min. Ans. 



(659) {a) Area of piston, .7854 X 22' = 380.1336 sq. in. 

Total pressure on piston = 380.1336 X 72 = 27,369.62 lb. 

At the beginning of the stroke, the piston rod, connecting- 
rod, and crank lie in the same straight line, and, consequently, 
the total pressure on the piston is transmitted to the crank- 
shaft. 

(^) In this case the total pressure on the piston is 380. 1336 
y^^^ ^^ 24,708.08 lb., which is also the horizontal pressure 
on the crank-pin. 

Then, the pressure on the crank-shaft is 24,708.68 X cos 
60° = 12,354.34 1b. Ans. 

(c) The tangential pressure is 24,708.68 X sin 60° = 
24,708.68 X .86603 = 21,398.46 lb. Ans. 

(660) See Art. 1311. 

2 

The mean ordinate should be 34.6 X 5-^7777 = 2^.03 lb 

o.l41o 

per sq. in. Ans. 
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(661 ) Diameter of drivers = 8 



12 



= 6^ ft. 



ference of drivers = <i-x t = 20.944 ft, 

ber of revo- 



60 miles per hour=l mile per min. 

One mile contains 5,880 ft. Hence, the 



luttons of the driver per min. is ' ■ 
Area of piston = .7864 X 1 9' = 383.53. 
Now, using formula 98, 



I.H.P. 



PLAN 



63.5 



^la' 



33,000 33,000 ■.o*-ou. 

Since there are two cylinders, the total horsepower = 
464.86 X 2 = 909.73 I. H. 1' Ans. 

(662) (a) As shown in Fig. 63, the diameter of the path 
described by the eccentric is the travel of the valve, 6*. 




Fig. 63. 

The eccentric crank must be in a position OC, so that, upon 
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dropping the perpendicular C D upon A B^ the distance D 

3 

will equal the lap — . Then, cos C O D=: -^j— p, = --. =.3. 

4 t/ 6 1 

The angle whose cosine is .3 is 72° 32', nearly. Hence, 
C O D = 72° 32', and the angular advance = C (9 7^= 90° 
-COD=^0- 72° 32' = 17° 28'. 

{b) When cut-off occurs the valve must be in the same 

position as it was at the beginning of the stroke, but moving 

in the opposite direction. Hence, the center of the eccentric 

must be at it' vertically below C, and must have passed 

through the angle C (9 /i = 2 C (9 ^ = 2 X 72° 32^" = 145° 4'. 

Therefore, the crank has moved 145° 4' from the dead-center 

145° 4' 
position, and now makes an angle of — - — = 72° 32', with 

2 

A B, the diameter through the dead points. 

(663) {a) Efficiency = ^^^-^=.8024 = 80. 24^. Ans. 

{b) Area of piston = .7854 X 9" = 63.617 sq. in. 

Stroke = 12'' = 1 foot. 

PL A N 
Using formula 98, I.H.P. = , or 

p_ I.H.P. X 33,000 _ 15.36 X 33,000 _ 

LAN ~1 X 63.617X240X2"" ^"^* 

(664) See Arts. 1223 and 1224. 

(665) The construction is shown in Fig. 54. Choose a 
suitable length for the diagram, say 3 inches. Draw the 
atmospheric line M N. Choose a scale of pressures, say 40 
pounds per inch, and draw the vacuum line O X parallel to 

J/iVand ^ = .3675^ below it. On O X lay off the length 

of the diagram A B ^^?i" . This length represents to some 
scale the volume of the cylinder, and 7^ of this length must 
then represent to the same scale the clearance. Therefore, 
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from A, lay oB A O equal to T* of .4 ^ = 3 \ ,(>7 = .31', 
and from O dmv O V perpendicular to C X. Lay off 

AfC=^ = It- to represent the boiler pressure, and through 

Cdrav Cfparallet to OB. The Dninber of expansions is 

3. Hence, lay off CD = |^ t> ^. and /> will be the point of 

cut-off. Throtii^ jy, draw the equilateral hj-perbola I>F, 




as explained in Art. 1161, taking O as tlie point from 
which to draw the radial lines. DF is the expansion line. 
The back pressure is 2 lb. above the atmosphere. Hence, 

the line <?/^ drawn parallel to M N and -z-: = —-above 1 will 

represent the back -pressure line of the diagram. Since the 
steam is compressed to 40 lb., the point where compression 

ends may be found by measuring PK= j- = 1' above M N. 

Through K, the equilateral hyperbola K !l is drawn in the 
same manner a%DF. Draw K L perpendicular to M N, and 
the diagram is finished. 

(666) See Art. 1306. 
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(667) To obtain an idea of the condensation of the 
steam in the cylinder. There is generally more condensa- 
tion at cut-off than at release, on account of reevapora- 
tion, and if the steam consumption be calculated from both 
points, the difference will tell more or less, approximately, 
the amount of condensation at cut-off. 

(668) The data assumed will, of course, depend largely 
upon circumstances. Suppose the engine to be non-con- 
densing, and to run with a piston speed of 600 feet per 
minute, and use steam at a boiler pressure of 75 lb. The 
mechanical efficiency will probably be about 80^, which 

requires the engine to develop -^ = 300 I. H. P. Assuming 

.oO 

the number of expansions to be 2^, the probable M. E. P. is, 
from formula 99, M. E. P. = l^^^ili-^iiiS?^ _ . 9/ = 

,9X89.7 (1 + 2.3 log 2.5) ^ , ^ ^r^ ^ ^J^^ 

2.5 

PL A N 
Now, using formula 98, I. H. P. = .,. _ . . , or .^ = 

^^^^^^•^•^• . But Z iV^= piston speed = 600 ft. 

„ , 33,000 X 300 _^, ,a ' r • 

Hence, A = -ttt-t; 7:7^ = 354.46 sq. m. = area of piston. 

' 46.55 X 600 ^ ^ 

I'' 
The diameter corresponding to this area is 21-j-. 

For this diameter a fair stroke would be 30*, the number 
of revolutions being from formula lOO, 

65_6X600_ 

I'' 
The engine would be made 21-t- X SO'', and run at 120 

rev. per min. Ans. 

(669) The scale of the spring should be in general not 

1 
less than - of the boiler pressure. 

At 

54 
(a) -— = 27 ; hence, a 30 spring should be used. 

At 
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115 1 

(6) —^ = 57— ; hence, a 60 spring should be used. 

{c) 1.834'' X 40 = 73.36 ib. per sq. in. Ans. 

(67 O) Weight of condensing water per pound of steam 
_ 13,580 
"* 906 * 

Total heat of steam at an absolute pressure of 7 pounds is, 
from the table, 1,135.908. Substituting in formula 105, 

IV= ^7^^j"^^ or /, = I/+ 32 - H^(/, - /J, we obtain 

/, = 1, 135. 908 + 32 - ^^^ (120 - 52) = 148. 66°. Ans. 

(671) The areas of the three pistons are proportional to 

the squares of their respective diameters. Hence, the M. E. P. 

of the high-pressure cylinder reduced to the. low-pressure 

27' 
cylinder is 72 X g^ = 12.05 lb. per sq. in. The M. E. P. of the 

intermediate cylinder reduced to the low-pressure cylinder is 

42' 
-^0 X ^ = 16.2 lb. per sq. in. 

DO 

The total M. E. P. reduced to the low-pressure cylinder 

is, consequently, 12.05 + 16.2+16.5= 44.75 lb. per sq. in. 

Area of low-pressure piston = .7854 x 66'= 3,421.2 sq. in. 

(a) Substituting, now, in formula 98, 

_ PLAN _ 44.75 X 4 X 3,421.2 X 70 X 2 _^ 

^- •^- ^' - 33,000 - 33;000 " ^'^f^ 

' Ans. 

{b) The work done in each cylinder is proportional to the 
M. E. P. of the cylinder reduced to the low-pressure cyl- 
inder. Hence, the percentage of the total work done in the 

12 05 
high-pressure cylinder is ' = .269 = 26.9^. Ans. The 

percentage of the work done in the intermediate cylinder is 

16 2 
■ ' = .362 = 36.2^. Ans. Lastly, the percentage of the 

16 5 
work done in the low-pressure cylinder is ' = .369 = 

36. 9;^. Ans. 
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A\j 



^073* -^» r::L=.ber cc expansions is detennined from 
T>< 97 •^^•i 



r, — i" .t5 -^ ,0t^ .275 



'^=^r — : = - 



1. C»i5 
{jt) The >L EL P. rniT now be found from formtda 99* 

^ ^, ^^ ^^ ,9 X S = 5^455 lb. per sq. m. 

Ans. 

PLAN 
(r) rsdng fonmalji 9S, L H. P, = ^ ^^^ , or -4 = 

7^ ^ X- = >^ .,^ =-r:r = 1^1 sq. in. The required 



Ix'il 



tfc'r 



^ameter is, thextcfore, | -^rr— - = 134- • Ans. 

(674) Since the gauge pressure is 93 lb., the absolute 

pressure is 93 — 14. T = lOT. T lb. Substituting the logarithm 

of 10?,? in formula 90, 

o v>^^o .^- t,?19.?S 400,S15 
^.iXVii?-? = i^.lOi*? = if^ — . 

Clearing of fractions and transposing, 

4.0^S1S r* - :i,?19.?S T = 400,215. 

As this is an affected quadratic, it may be solved by the 
rule given in algebra ; hence, dividing by the coefficient of 
T\T^ - 668. 5 T- 9S.36i\ 66. Completing the square T' 
-668.5 r-flll.?23. 2 = 210,09^86. Extractmg square 
root, T — 334.25 = 458.359, or T = ?92.609^ Therefore, 
792.609 - 460 = 332.609^ Ans. 

(675) See nile in Art, 1246, and the answer to 
question 662. 
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(676) The volume discharged in 1 stroke is 

18' X .7854 X 24 

1,728 ^^- ' 

and the volume discharged in 1 minute is 

18' X .7854 X 24 X 175x2 
1,728 
Formula 93 gives the work in foot-pounds which is done 
ia 1 stroke; hence, if multiplied by the nuniber of strokes 
per minute and divided by 33,000, the result will be the 
horsepower. The pressure is 62.4 lb. Substituting these 
values of the pressure and volume, in formula 93, and 
dividing by 33,000, we have 

144 X 62 .4 X 18' X .7854 X 24 X 175 X 2 __ ^^„ ^^^ 

1,728 X 33,000 T"" ^^^'^^^ 

' horsepower. 

Ans. 

(677) Dividing the diagram into 10 equal parts, and 
measuring the ordinates drawn at the niiddle of these di- 
visions, the sum of their lengths for diagram A is 7. 16^^, for 
diagram^, 7.24^ and for diagrams C and D, 4.68'' and 4.72^ 
respectively. Dividing these sums for A and B by 10 and 
multiplying by 60, the scale of spring, we have, 

for ^, 7.16 X rrr = 42.96 lb. per sq. in. ; 

for ^, 7.24 X j5 = 43.44 lb. per sq. in. 

Adding and dividing by 2, the mean effective pressure for 

4.U w u 1- J • r J . u 42.96 + 43.44 
the high-pressure cylinder is found to be ^ = 

43.2 lb. per sq. in. 

The M. E. P. for the low-pressure cylinder is, 

30 
for C, 4.68 X rr: = 14.04 lb. per sq. in. ; 

for i?, 4.72 X ~ = 14. IG lb. per sq. in. 

Adding and dividing by 2, the Af. E. P. for the low-pres- 

,. , . 14.04 + 14.16 ^, ^ ,^ 
sure cylinder is ^ = 14.1 lb. per sq. m. 



l^. 
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cvlmder to 




H-r. -,e. 14. 1 — I-.^-S-i = 3^.35^ lb. per sq. in. = the M.E. P. 
\i the TTork "3r23 2.11 dine in the low-pressure cyliader. 

PL A y 



Therefore, I. H. P. = 
15 



3:3j>Vj 



1^ 



= i::.l L H. p. Ans, 



^678; Fi;^. 5-5 shows diagram A and diagram Z? drawn 
as mentioned in Art. 1305; that is, the scale of pressures 




Fig. 55. 

on diagram D has been reduced to 60, the same as on dia 
gram A. In Fig. 56 the length of diagram A has been re- 
duced in the proportion of the ratio of the volume of the high- 
pressure cylinder to that of the low-pressure cylinder. By 
reading Arts. 1304 and 1305, the student should have 
no trouble in drawing the diagrams by aid of the above 
figures. 

(679) Using a scale divided into thirtieths of an inch, and 

locating for this case a point —- above the vacuum line 
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(which should be drawn previous to this), wc draw through 
this point a line parallel to the atmospheric line. The 
length of the portion of this tine included between the 




bounding lines of the diagram i 
pressure which it represents is 28 



95', and the absolute 
The whole length of 

the diagram is 3— . The weight of a cubic foot of steam at 

this pressure is, from the table of the Properties of Saturated 
Steam, .069545 lb. The M. E. P. was found to be 30.75 lb. 
per sq. in., in example 649. 

Substituting these values in formula 101, 
13,750 X 2.95 X .069545 



30.75 X 3.5 



= a6.21 lb. per I. H. P. per 



Q = 

hour, Ans. 

(680) For {a) and (*) see Art. 1292. (c) No. The 
stroke may be so short that the piston speed will be low, 
although the rotative speed is high. 

(681) The absolute pressure = 123 + 14.7 = 137.7 lb. 
Logarithm of 137.7 = 2.13893. Substituting in formula 90, 

2,719.78 400,215 



8.13893=6.1007- 



T 
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r ~ : >:t = 1,^'*!^ sq. ii:. The 
7 *.'.^ rzt^r. pTess:r'e urging the 



/ ' 



:: ', 



'J . - . I • - 



li- per sq. in. Ans. 



^ISHft; '.' :,. V *-7.>*::. '.,'.*-, '.-, -jrorkec like the previous exam- 
\t,t r-. //!,* !i: *:.i: :.',: /lyrK'iT \s to ':>e found from the diagrams. 
\hr,i\\u'^^ t;,i: \t\u'/\.u of t?,/; oiaj^fams into ten equal parts, 
.</»'! //*' ;inuf in;/ th': middle ordi nates, their sum for diagram 
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Wi STEAM AXD STEAM EXGDTESL 

A j>, f'y-jfid V. r^i 6-04', aryi for ^, ^.-Ct'. Tbc SKasi orfinatt 



f^/r /f _T ' ;• = >»4, ar.-i for B, ^ = .«i«. Hmnr, ihc 
10 10 

t/yUl M, K, K = '^^irii^ -^ eO = 3:.« It. per sq. in. 

I, If, K = ;;77-r7:7 = &l-6«. Ans. 

33,000 

^HHH; Drawing a line parallel to the atmospheric line, 
an^] at a distan';e from the vacuum line corre^Kundiiig to a 
ppr^Hure of 40 lb., af^solute, the length included between the 
\t*t\\ut\\x\y^ lines of diagram yl is 1.46% and the length be- 
iw*:''Ji the ^>unding lines of diagram ^ is 1.72'. The 
l':n^th of both diagrams is 2.6^ The weight Tif a cubic foot 
of htearn at an af>s^>lute pressure of 40 lb. is .09T231 lb. The 
M, K. r. for rard A = .604 X 60 = 36.24 lb., and for card 
//, JUyz / m = \V.).ri lb. (See example 685.) Substituting 
in f^rt'mula lOl, wc have, for card A^ 

_ 13,750 Xh 46 X. 097231 _ 

^-'" 30,24 X 2.6 -20.716 lb., 

and for card li^ 

1 3,750 X 1 . 72 X. 097231 _ 
^'" 19772"X2:6 "" ^^'^^^ ^^' 

Tuking tlx; average of both cards, 

,, 20.7H5 + 22.267 «- .^ « t tj t» . 

Q'^ ■ =21.49 lb. per I. H. P. per 

hour. Ans. 

(IIH7) In Fig. 57 is shown the solution to this question. 
The* cut, is not drawn to scale, and the student should re- 
draw it fid! siz(!. liy referring to Art. ISlSy the student 
hlioidd hav<! no difliculty. 

P*itid tin! areas of A C Fa.ndFB; subtract the smaller 
from thc^ larg(M*, and divide by the length A B; the result is 
the height // Af. Draw J/ iV parallel to ^ B; also the dotted 
Henncirch!, -it a distance from the full semicircle equal to-^ M. 

(ttHH) ("ompute the area oi D C E Dm the usual man- 
ner; for the present case it equals .78 sq. in. The stroke 
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of the engine = 12' = 1 ft. and the crank-pin travels in one 

2 



stroke a distance = ^ = 1.5708 feet. The length 



AB:=4:. 08'. Consequently, I'' of length on ^ ^ = ^'/^^^ = 

4. Oo 

.385 ft. of crank -pin travel. Since the vertical scale of 

pressures is 1' = 60, 7/, in formula 107, = .78 X 60 X .385 = 

18.018 lb. per sq. in. of piston area. Substituting in 

formula 107, we have IV = „ r- ^, 

13' X .7854 X 18.018 X 32.16 ^^^ ,. . 

= 623 lb. Ans. 



., 1. V / 300X 2X1X3.1416 Y 
' ^ 60 ^ \ 55 X 60 ) 



C. Vol, VI.— 17. 



STRENGTH OF MATERIALS. 

(QUESTIONS 689-748.) 



(689) See Arts. 1336, 1339, and 1338. 

(690) See Arts. 1344, 1345, 1352, and 1354. 

(691) See Art. 1347. 

(692) Use. formula no. 

E = —r- ; therefore, e = -r^. 
Ae AE 

A = .7854 X 2'; /= 10 X 12; P= 40 X 2,000; £ = 25,000,000. 

Therefore ^ - ^0X2,000x10x12 _ 

Therefore, e - .7354 x 4 X 25,000,000 " '^^^^^ ' ^^'• 

(693) Using formula 1 lO, 

^=T-e = .7S5l'T{ir ?.009 = ^^'^^8,853.2 lb. per sq. in. 

^ Ans. 

(694) Using formula 1 1 0, 

^ PI .„ AeE UX2X .000 X 15,000,000 
E = --i— , or P= — i — = -^ IT?: — = 

2,500 lb. Ans. 



^ ^-, or . - ^ - ^ ^ ^^ 



(695) By formula 1 1 0, 

^ P/ , AeE .7854 X 3'x .05 X 1,500,000 ^^^ ^^, 

^=Z7'^^^=-^ = Poo =^f^^' 

Ans. 

(696) Using a factor of safety of 4 (see Table 28), 
formula 108 becomes 

For notice of copyright, see pa>^e immediately foUowing^ the title page. 
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„ AS, . iP 4 X 6 X 2.000 „..,-,., „ • 



(697) From Table 23, the weight of a piece of cast iron 
1' square and 1 ft. long is 3. 125 lb. ; hence, each foot of 
length of the bar makes a load of 3.125 lb. per sq. in. The 
breaking load — that is, the ultimate tensile strength — is 
20,000 lb. per sq. in. Hence, the length required to break 

the bar is ^f^^f = 6,400 ft. Ans. 
o. 125 

(698) Let / = the thickness of the bolt head; 

d = diameter of bolt. 
Area subject to shear = icd L 

Area subjected to tension =^ j-^ ^*- 

5, = 55,000. 5, = 50,000. 
Then, in order that the bolt shall be equally strong in both 

tension and shear, it d t S^=^ —i: d^ 5„ 

or. = l^ = ^. = |2Lg^ = .206'. Ans. 
4:7: dS^ 45, 4 X 50,000 

(699) Using a factor of safety of 15 for brick, formula 
108 gives 

A = {2iX 3i) sq. ft. = 30 X 42 = 1,260 sq. in. ; S^ = 2,500. 
Therefore, P= ^^^^^^ >< ^^^^^ _ 210,000 lb. = 105 tons. Ans. 

(700) The horizontal component of the force Pis Pcos 
30° = 3,500 X .866 = 3,031 lb. The area ^ is 4 ^?, the ulti- 
mate shearing strength, 5„ 600 lb. , and the factor of safety, 8. 



I 
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Hence, from formula 106» 




Scale of forcet l^iaOOlb. 
ScaU of diatanee 1^32' 

Fig. B8. 

(702) Using formula HI, with the factor of safety 4 



/,d= 






or/ = 



8 X lao X 4 8 

ss.ooo 
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Since 40 j^ of the plate is removed by the rivet holes QOfi 
remains, and the actual thickness required is 

/ __ ^2X120X48 _ 
.00 .00 X 55,000 - •'^**^ • ^^s. 

(703) Using a factor of safety of 6, in formula 111, 

2/5. /5. 



/>d = 



6 3 



Hence, / = ^^ = ^ >< ^ >< ^^ = 18" Ans 

^, 20,000 ---^^ • ^ns. 

(704) Using formula 114, with a factor of safety of 10, 

^ 0,000,000 /'•'• ^ /»•" 

^== 10/^ =960,000^. 



Hence, , ^'^^"77^ J^ 130 Xl2 X 12 X 3 , 

' '^ 1)00,000 ^ 960,000 ""a 

(705) From formula 113, 

5/ , /r 2,000x4 4,000 



^ r + /' 5 -/ 2,800 - 2,000 800 

(706) See Fig. 58. (a) Upon the load line, the loads 
(), i, 1-2, and 2-3 are laid off equal, respectively, to 
/'\, I\^ and I\ ; the pole P is chosen, and the rays drawn in 
the usual manner; the pole distance //"= 2,000 lb. The 
equilibrium polygon is constructed by drawing a c^ c d^ d e^ 
and r/ parallel to P O^ P 1^ P^, and P^^, respectively, and 
finally drawing the closing liney^ to the starting point a, 
P m is drawn parallel to the latter line, dividing the load 
line into the reactions ;;/ O = R^^ and 3 in = R^, The shear 
axis ;;/ n is drawn through m^ and the shear diagram 
O h I , . . . s^ n VI O is constructed in the usual manner. To 
the scale of forces ;;/ O = 1,440 lb., and 3 m = 2,160 lb. To 
the scale of distances the maximum vertical intercept j = 
d'd='dirZ ft., which, multiplied by //", =81.2 X 2,000 = 
62,400 ft. -lb. = 748,800 in.-lb. Ans. 

{b) The shear at a point 30 ft. from the left support = 
r;w =1,440 lb. Ans. 

(c) The maximum shear = ns' = — 2,160 lb. Ans. 



STRENGTH OF MATERIALS. 



257 



(707) See Fig. 59. Draw the force polygon O 12 3^50 
in the usual manner, O 1 being equal to and parallel to 
F^, 1-2 equal to and parallel to F^^ etc. O 5 x^ the resultant. 

Scale of farces lm40 IK 
e ^ Scale of distance 1^2^ 



m^ 




Fig. 69. 



Choose the pole P, and draw the rays P O^P 1^ P2, etc. 
Choose any point, a on F^^ and draw through it a line 
parallel to the ray P 1. From the intersection b of this line 
with -Fg, draw a line parallel to P2; from the intersection 
c of the latter line with F^ produced draw a parallel to 
P 3, intersecting F^ produced in d. Finally, through d, 
draw a line parallel to P 4^ intersecting F^ produced in e. 
Now, through a draw a line parallel to P O, and through 
e a line parallel to PS; their intersection y is a point on the 
resultant. Through / draw the resultant R parallel to 
O 5. It will be found by measurement that R = 65 lb. , that 
it makes an angle of 22^° with m //, and intersects it at a 
distance of H' from the point of intersection of F^ and ;;/ n, 

(708) See Fig. 60. The construction is entirely similar 
to those given in the text. O 1, 1-2^ and 2-3 arc laid off to 
represent /^„ -F,, and F^ ; the pole P is chosen, and the rays 



^i* 






•ti4> ,-V> ..T 



irrii.t*-. 



r.1*- rLsr^ 






■mar TTTf^ n: zss 






njrnicr- irrn^ -i jsih 











*— 



^',r. ^ T'r.tt ^h«»ar 'ifagram s drawn in the 
t ?.a.^ thrt p'^.tiliarrtj ot bemg zero between 



(74H9) 'rh': Tr.:^x:rr,':rr^ rr.cment occurs when the shear 
l.r,^ ' r^A'V-,^ rr,'-, '%r,'':ar ax:-., Ir* the present case the shear 
J;r,^: .'i;,''* <r,f'/^r 'f\x.\ r'Ar.'/A^: with s /, between /^, and /*,; 
h'r»^'!, th^v },*irA\Wf/^ rnorri^:nt :?> the same (and maximum) at 
/' ^ itr^f] l\, HTif\ at all yAnV:i\}f:twf:ftn, This is seen to be true 
ffffffi f h^. /Ii/'»;/rarn, nin^c >& // and ^ ^ are parallel Ans. 

(//; ('/ ni' a«;iirrrri^:rit, the moment is found to be 24 X 12 

- - 7KH hj' h font;, AriH. 

(/; 5iKH / '/i,00() ri70,000 inch-pounds. Ans. 
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(710) See Arts. 1375 to 1379. 

(711) See Fig. 61. The force polygon O 1 2 S 4 O is 
drawn as in Fig. 59, O ^ being the resultant. The equilibrium 
polygon ab c dga g^^^^ of forces l&SOlh. 

is then drawn, the Scale of distance ^^2" 
point g lying on the 
resultant. The re- 
sultant R is drawn 
through gj parallel to 
and equal to O i. A 
line is drawn through 
C, parallel to R. 
Through g the lines 
g e and gf3.TQ drawn 
parallel, respectively, 
to PO and P ^ and 
intersecting the par- 
allel to i?, through C 
in e and /; then, ef 
is the intercept, and 
P «, perpendicular to 
O .4, is the pole dis- 
tance. P« = 33 1b. ; 
^/=1.32^ Hence, 
the resultant mo- ^^°' ®^- 

ment is 33 X 1.32 = 43.6 in. -lb. Ans. 

(712) The maximum bending moment, J/= ^-h^ ( 




see 



14 X 8 
22 



Fig. 6 of table of Bending Moments) = 4 X 2,000 X 

40,727,^ ft. -lb. =488,727 in. -lb. Then, according to for- 
mula 117, 

^ = 488,727. 
fc 

/_ 488,727/ _ 488,727X 8 _ 

^ "" ^. "" 9,000 ~4*^4-^^^- 
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of the problem, 6 = 



: -dJ', and, according to the conditions 



</• = 5,213.088. 



(7 1 3) The beam, with the moment and shear diagrams, 
is shown in Fig. ti2. On the lioe, through the left reaction, 




are laid off the loads in order. Thus, i = iO X H — SHO lb., 
is the uniform load between the left support and F,; !•£ is 
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F^ = 2,000 lb. ; 2-3 =40 Xl2 = 480 lb., is the uniform load 
between F^ and F^\ 3-4 = 2,000 X 1.3 = 2, GOO lb., is F^, and 
4-5 = 40 X 10 = 400 lb., is the uniform load between F^ and 
the right support. The pole P is chosen and the rays drawn. 
Since the uniform load is very small compared with F^ and F^, 
it will be sufficiently accurate to consider the three portions 
of it concentrated at their respective centers of gravity 
;r, ^, and -sr. Drawing the equilibrium polygon parallel to 
the rays, we obtain the moment diagram a h b k c I d a. 
From P, drawing P in parallel to the closing line a d^ we 
obtain the reactions C^;;/and in 5, equal, respectively, to 2, 930 
and 2,870 lb. Ans. The shear axis ;;/ .r, and the shear dia- 
gram O r s t u V n m^ are drawn in the usual manner. The 
greatest shear is O ;«, 2,930 lb. The shear line cuts the shear 
axis under F^. Hence, the maximum moment is under F^, By 
measurement, ^^is 64', and Px is 5,000 lb. ; hence, the maxi- 
mum bending moment is 64 X 5,000 = 320,000 in. -lb. Ans. 

(714) From the table of Bending Moments, the great- 

wP 
est bending moment of such a beam is — q— , or, in this case, 

o 
w X 240' 

8 • 

By formula 117, 

,^_ ^ X 240' _ SJ _ ^45,000 280 
^ "" 8 " fc " 4 ^ 12 -- 2' 

fPu f 45,000 X 280 X 8 ^« ^0 lu - u c 

Therefore, w=-r--r^ 77-r = 72.92 lb. per mch of 

' 240 X 240 X 4 X 6 ^ 

length = 72.92 X 12 = 875 lb. per foot of length. Ans. 

(715) From the table of Bending Moments, the maxi- 
mum bending moment is 

Wl ^rx96 



4 
From formula 117, 



= 24: IV, 



M=UW=^. 
/= ~(rf*-<*)=56.945; r=i^= ^=3i; 5 =38,000;/=C. 



r71 Z- -VZ rL '*T jL_tL ^ * ^^ ^x^.^ 



t^nrj^ ^» = :^ — 






;/♦. • •» * .7«i K=r7 



• I 






t ' 1 * J. ^i 









Tcutr., ^ = ^^ X 73 :r. 

^ ^ 12 X 5 

T.tOO X 2,0<» X ^ _ 

*^ ^ >5 X 12 X 5 X 11>2 X 11>2 ~ 
6,.^l lb, p^ iri. = 6,51 X 12 = 7^.12 lb. per ft. Ans. 

^ " 8 "" H ~ '^ 12 X 1' 

^ = . . —777; TT-^ = 1-3 lb. per in. 

H / VZ /. V.i'Z X 192 *^ 

:l.:j X 12 = 15.6 lb. per ft. Ans. 

(Ill) (ff) l^'rom the table of Bending Moments, the 

5 Wl^ 
i|(!lU!(!ti(;fi (^f ii beam uniformly loaded is -^r^-r r- ^ , \n 

384 E I 

rxiiiiiplr. 714, /T: :H75 X 20 = 17,600 lb.; /=240', E^ 
aft, ()()(),()()(), and /: -2H0. 

I rrncc. clclh.'t ,c>n . : . ..^^ ^ x".5,()()(), 000X280 =-^^ '''' ^'''' 

1 Wl* 
(A) l*'rom tlin tablr t)f Bending Moments, •^ = 7o~rT' 
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In example 715, fr= 4,624 lb.; /=96 in.; £=15,000,000, 

and 7=56.945. 

„ 4,624X96' ^, , . 

Hence, s = -rrr -. ^ ^^^ ^^^ ^TTrmir = .1 , nearly. Ans. 

* 48 X 15,000,000 X 56.945 ' ^ 

5 Wl* 
{c) j = — — -.. In example 716 (a), fr= 78.12x16 

/=192; £ = 1,500,000, and 7=-?^. 

„ 5X78.12X16X192' ,^.,, . 

"^""^' -^ = 384 X 1,500,000 X^^ = -''^- ^^• 

(7 1 8) Area of piston = i- ^r ^' = j r x 14'. 

4c TC 

W^= pressure on piston = jtt x 14' X 80. 

From the table of Bending Moments, the maximum 
bending moment for a cantilever uniformly loaded is 

W: ^ 2F/ ^ i^Xl4'^X80x4 ^ ^ / ^g^^ ^^^^^j^j J ^^^ 

^ = 1^ = 4,500. 1 = ^ = ^.^'. 
f 10 ^ ^a 32 

„ iwxl4*x80x4 4,500:r</' 
Hence, = —3^—, 

^^^.^ 14' X 80X4X32^ 
4 X 2 X 4,500 
^ = ^^^55775 = 3. 82^ Ans. 

(719) Substituting in formula 119, 5, = 90,000; A = 

6'X .7854; /=6; /=14X 12 = 168; ^=5,000; /=^X 
6*, we obtain 

(720) For timber, 5, = 8,000 and /=8; hence, -^ = 

-L— - = 1,000. 
o 



' - — -' — - .- ri, h-. necssar^ iir^a. ct 2 

.^..»^ :.r. - ;:r,-,i — -iirr jitv^^ .oaiL "nncs "lie zirr^.z 






<r..- 






. f - - -: — t 
vr.r/-, r; '*. :i^ :,-. n:':'.h vx lar^^, trie coLunirL most be 
Tr.! V f'^'. ■.^', ^f '' :^ rr.:',?. r.eartr the required value, 1,000. 

J>in//! tfii'v valii': of *! is less than 1,000, the column is a 
liMh- f<»<; litry/:; \if'.n(r,, it is between 9 and 10 inches square, 
i^tj" will yjyt' *,)',)"( A lb. as the value of ^; hence, the column 

ohnllM br tl[j" fwjnare. 

'riii'j |Hnblrm iiijiy b(^ iiiorc readily solved by formula 
I Vfl* wlii« h fjvn; 



' 'J MOO ' \ SIMM) V 4"xJ^000 "^ 8000 / 

♦ r I I \\y\\:\ \ M8.4) ^ UXV4;« ::= 9.61" = H'. nearly. 
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(721) Here f^= 21,000; /= 10; 5, = 150,000; ^ = 
6,250 ; / = 7. 5 X 12 = 90'. For using formula 1 21 , we have 

.3183 W/ _ .3183 X 21,000 X 10 _ 

S, - 150,000 --^^Sfe- 

16/'_16X_8100_ 
T"~ 6250 =^Q-^3gO- 
Therefore, 

d= 1.4142 V.U56 + /;4456 (.4456 + 20.7360) = 
1. 4142 1/. 4456 + 3.0722 = 2.65^ or say 2f^ 

(722) For this case, A = 3.1416 sq. in. ; /= 4 X 12 = 
48'; 5, = 55,000; /= 10; /= .7854; ^=20,250. 

Substituting these values in formula 1 1 9$ 

rr^__ S^A _ * 55,000 X 3.1416 _ 

A +77/ ^T + 20,250 X. 7854 ; 

5,500 X 3.1416 
1.4551 

Steam pressure = 60 lb. per sq. in. 

rru / • ^ r,OKA va ^ ^^^^^ X 3.1416 

Then, area of piston = .7854 d^ ^ - = \ ,,g, ^ ^q ■ 

^"^""' ^' = .785fx^'^455Y^^^ = ^^^> ^^^^^y' 
and ^= 4/252 = 15I-", nearly. Ans. 

(723) {a) The strength of a beam varies directly as the 
width and square of the depth and inversely as the length. 

Hence, the ratio between the loads is 

6 X 8» . 4 X 12^ 



10 16 



= 16 : 15, or 1^. Ans. 



(6) The deflections vary directly as the cube of the 
lengths, and inversely as the breadths and cubes of the 
depths. 

Hence, the ratio between the deflections is 

10' . 16^ _ . 

6X8* 4 X 12' 



^ ■ . 



- ^' _^ ^^ W '^ ^^T ■ _— -^ 



HT 



• • 



. ^' - 'Jt» 



• I 



2C 



Ti'a 1.2-ft "tttct^. 



/^=^4i»> 



1« 



J. r 



r2rr 



Ti% 



^ 

'; 



=: — .1 



T --,- — - --■ I 



I 






:^ — ►=nrrH.?. a-s 






128w 






'»: 






= ia 









//I f;^,r./ f^rrr»t;:a 129, 

Z' ^ X 2,000 

/' ^^^^-^"-^-^''i7xx;= 1,000 =^^ 
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(729) (a) Using formula 130, 

P= 12,000 ^/' = 12,000 X f^\ = 9,187.5 lb. Ans. 
(6) Formula 131 gives P= 18,000^'. 

Therefore, ^= V^ = /g^ = ^ =-667'. Ans. 

(730) The deflection is by formula 118, 

WP 1 Wl^ 
s = a r- r = T^^ 1- r* the coefficient being found from the 
£1 192 £1 

table of Bending Moments. 

Transposing, ^F= ., ; /=120; £ = 30,000,000; / = 
.7854; s = ^. 

Then, W= ^'^ >< '\'''f'' X ''''' = 327.25 lb, Ans. 

(731) (a) The maximum bending moment is, accord- 

^ ^u ^ u^ ^ j> A' -K/r ^ Wl 6,000 X GO 
ing to the table of Bendmg Moments, — — = =r 

90,000 inch-pounds. 

By formula 117, 

^ / 
J/ =90,000 = -^-. 



, / 64 Trrf* 

5, = 120,000;/= 10. - = ^ = _. 

Hence, 90,000 = i^^^, 

or ^= f ?^IM^ = ^'^^^' = ^^ ---^Jy- 

'^ 120,000 X 3.1416 * 

(^) Using formula 123, 
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(732j {■'} The graphk solution is sbc-wn in Fig. 61 
(}Ti lh<: vertka! thf^ugh the support C / is laid &5 tq:^ to 
the uniform I'tud t^etween the support and F. : 7-^ is laid off 




Scale of forces iSsoo Ih. 
Scale of distance 1^4^ 



to represent /",. 2-S represents to the same scale the re- 
mainder of the uniform load, and 3 m represents /•',. The 
poit y*is chosen and the rays drawn. The polygon a be efh 
is then drawn, the sides being parallel, respectively, to the 
corresi)onding rays. If the uniform load between F^ and^, 
Ik; considered as concentrated at its center of gravity, the 
polygon will follow the broken liners/. It will be better 
in this case to divide the uniform load into several parts, 
SS-k, 4-^, ^•'J, etc., thus obtaining the line of the polygon 
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c d f. To draw the shear diagram, project the point 1 
across the vertical through F^, and draw O s. Next project 
the point 2 across to /, and S across to w, and draw / ;/. 
O s t u 71 m is the shear diagram. The maximum moment 
is seen to be at the support, and is equal to a kx P m. To 
the scale of distances, a // = 58.8 in., while P m = H^^ 
1,400 lb. to the scale of forces. Hence, the maximum bend- 
ing moment is 58.8 X 1,400 = 82,320 in. -lb. Ans. 

{b) From formula 117, 

M= y J = 82,820. S^ = 12,500; /= 8. 

^, . / 82,320 X 8 _ _„ 
Therefore, - = -j^^^^^= 52. 68. 

But, — = -^^r-T— = — r-. and ^= 2^ ^, or ^ = -— - . 

C -^ (l K> 

Hence, -= —-^ = — =52.68. ^• = 52.68 X 15 = 790.2. 
c 6 15 

2d 



d = ^790.2= 9.245^ ^ = -— = 3.7', nearly. Ans. 

(733) Referring to the table of Moments of Inertia, 

jdd' - d, d;y -4:bdb, d^d- d,y _ 
Vl(bd-bJ^) 
[8 X 10' - 6 X (8i)']' - 4 X 8 X 10 X 6 X 8i (10 - Sj)' _ 

12(8 X 10- 6 X 8i) 
280.466. 



_d bJJ d-d, \_ 
"2"*" 2 \bd-b,dj~ 



10 , 6 X 8^ / 10 - 8i 



2 ' 2 



( 10-8i \ - c 319 

^8xl0-6x8i;-^-^^^- 



(a) From the table of Bending Moments, the maximum 

W/ 
bending moment is — r— . 

4 

S^ = 120,000; /= 7; /= 35 X 12 = 420 in. 

JVl S I 
Using formula 117. M= —r- = — f— , or 
'^ 4 fc 

u.- ^-^^ / - ^ X 120,000 X 280.466 _ 

'^' - //^ - 420 X r X 6.319 - ^'^*^ '•'• ^''^- 



r?> 



razrrC'TH :f 



^x^^ 



-';a Ufitt 



= r iiifi lie •fig'r.triiLiiL imtZ'"^ 















■:ii .:.v, .:-, >_TiL 



A*, 









««^ 



fn 



-^^TZ/ 




j^ea/e of forcf 1^960 Ih. 
Scale of dittance i^' 

Fio. M. 






Vxnm ih'; tabic of Moments of Inertia, / 

t'/ iitid b . V. Ans. 



12 



/>^ -24'°'^12'' -3. rf - 
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(c) As above, r = i/^= a/ -^ = i^ = - Ans 

(735) Using formula 1 1 2,/ ^/ = 4 / 5, we have / = j-^ • 

Using a factor of safety of 6, 

^, 4/5 ^ 6/^/ 6X100X8 ^^, . 
>^^=-r>^^^ = -fr= 4X20,000 -'^^ ^"^- 

(736) The graphic solution is shown in Fig. 64. The 
uniform load is divided into 14 equal parts, and lines drawn 
through the center of gravity of each part. These loads 
are laid off on the line through the left reaction, the pole P 
chosen, and the rays drawn. The polygon dc d e/a is then 
drawn in the usual manner. The shear diagram is drawn 
as shown. The maximum shear is either / 7 or r z/ = 540 lb. 
The maximum moment is shown by the polygon to be at 
/c vertically above the point «, where the shear line crosses 
the shear axis. The pole distance P7 is 1,440 lb. to the 
scale of forces, and the intercept/"^ is 14 inches to the scale 
of distances. Hence, the bending moment is 20,160 in. -lb. 

(737) From formula 117, 

S I 

M=^ / J = 20,160. S, = 9,000; /= 8. 

/_ 20,160 X 8 _,,,, 
^^^"-r-" 9,000 ^^^'^^' 

But, — = ' . , =z --bd^ for a rectangle. 

Hence, \-bd^=^ 17.92, oxbd^=z 107.52. 
o 

Any number of beams will fulfil this condition. 
Assuming ^/= 6', b=- — -^ — = 3^, nearly. 

Assuming d=h\b = ^^^ = 4.3'. 

(738) Using the factor of safety 10, in formula 114, 
^ 9,600,000 /*•'• 960,000 X .2'" , _ .„ ,. . 

i' = -^0— 1d= 108 X 2.5 = ^^^-^^ '^- ^°^ 
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(739) Using formula 130, 



/*= 13,000 </', or (/= y- 



/5 X 2,000 



la.OOO ~ ' 12,000 ~ ' 

(740) The radius r of the gear-wheel is 24'. Using 
formula 1 23, d=cs'Pr = .ao? f'aSO X 24 = 2.84'. Ans. 

(741) Area of cylinder = .7854 X 12' = 113.1 sq. in. 
Total pressure on the head = 113.1 X 90 = 10,179 lb. 

10,179 



Pressures on each bolt - 
Using formula 108, 



1,017.9 lb. 



(742) ((t) The graphic solution is clearly shown in Pig, 
15. On the vertical through F ^^ the equal loads F ^ and F, 




Scale of forces 1^2000 lb. 
SeaU of dialance 1-6' 



are laid o2 to scale, O 1 representing F^ and l-Z representing 
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/%. Choose the pole P, and draw the rays P O^ P 1^ P 2. 
Draw a b between the left support and F ^ parallel to P 0\ 
be between F ^ and /^, parallel to Pi, and c d parallel to 
P 2, between F ^ and the right support. Through /^draw a 
line parallel to the closing line ad. 1— 1-2 \ hence, the 
reactions of the supports are equal, and are each equal to 1 
ton. The shear between the left reaction and F^ is nega- 
tive, and equal to /^^ = 1 ton. Between the left and the 
right support it is 0, and between the latter and F^ it is posi- 
tive and equal to 1 ton. The bending moment is constant 
and a maximum between the supports. To the scale of 
forces Pi = 2 tons = 4,000 lb., and to the scale of distances 
a /= 30 in. Hence, the maximum bending is 4,000 X 30 
= 120,000 in. -lb. Ans. 

(b) Using formula 117, 

-S/= -^ - = 120,000. 5, = 38,000; /= 6. 

^, / 120,000X6 360 ,^ , 

^^"^' 7 = 38,000 = 19" = ^^' ^"^^^y- 

Trd* 



B /_ 64 _7rd' 
^ ' ^ *" _d_^ "" 32 • 
2 

XT '^^^ iA ^8 32X19 

Hence, — = 19, or d^ = -^j^. 

(743) Since the deflections are directly as the cubes of 
the lengths, and inversely as the breadths and the cubes 
of the depths, their ratio in this case is 

18" 12' 27 9 ,^ 

or -- : -r = 12. 



2 X 6' * 3 X 8^' 2*8 

That is, the first beam deflects 12 times as much as the 
second. Hence, the required deflection of the second beam 
is.3-^12 = .025^ Ans. 
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(744) The key has a shearing stress exerted on two 

sections; hence, each section must withstand a stress of 

20,000 ,^^^^ 

— ^r — = 10,000 pounds. 

Using formula 108, with a factor of safety of 10, 

r, AS, . lOF 10X10,000 „ 

P= — ', or ^ = -^ = gP^^Q = 2 sq. in. 

Let d = width of key ; 
/ = thickness. 

Then, ^ / = yl = 2 sq. in. But, from the conditions of the 
problem. 



Hence, * / = 1*« = 2 ; ** = 8 ; b = 2.828^ 



*- Ans. 



(745) From formula 118, the deflection s = a-^rjf 
and, from the table of Bending Moments, the coefficient a for 
the beam in question is —. 

IV= 30 tons = 60,000 lb. ; /= 54 inches; E = 30,000,000; 



/ = 



64* 



XT 1 X 60,000 X 54' .... . 

Hence, s = , =.0064 m. 

48 X 30,000,000 X ^ Ans. 

' 64 

(746) {a) The circumference of a 7- strand rope is 3 
times the diameter; hence, C = IJ X 3 = 3f^ 

Using formula 129, P= 1,000 C = 1,000 X (3f)* = 
14,062.5 lb. Ans. 

(b) Using formula 1 27, 
P=100C',orC=/4 = |/ii^ = 5.92'. An. 
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(747) Using formula 113, 
^ = 4^ = l|iO52. = is,,o0Olb. Ans. 

'+' 1+6 

(748) The construction of the diagram of bending 

Ft 




Scale of forces i~1600 lb. 
Scale of distance 1'32' 
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moments and shear diagram is clearly shown in Fig. GO. It 
is so nearly like that of Fig. 58 that a detailed description 
is unnecessary. It will be noticed that between k and k' 
the shear is zero, and that since the reactions are equal the 
shear at either support = ^ of the load = 2,400 lb. The 
greatest intercept is r r' = c/ (/' = 30 ft. The pole distance 
//= 2,400 lb. Hence, the bending moment = 2,400 X 30 = 
72,000 ft. -lb. = 72,000 X 12 = 804,000 in. -lb. 
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(QUESTIONS T4»-80e.) 



(749) See Fig. 341 in Art. 1434. The construction 
s shown in Fig. 67. 




(ISO) The anns should be in the proportion 3 : 4. See 
Pig. 346 of Art. 1438. 

(751) In Fig. 68, let -^ .5 and C/> be the two center lines 
of motion, making an angle of 10° with each other. Draw 
a b parallel to A B, and at a distance of 3' from it ; also, c J 
parallel to C D, and at a distance of 4' from it. O, the point 
of intersection, will be the center of the lever, and O £and 
O H -vxW. be the center lines of the arms when in mid-position. 

(752) The lengths of the lever arms will be as 3 X 13: 
3.5:i36:3.5. Either the motion shown in Fig. 343 or one 
of those shown in Fig. 344 may be used. 

For notice i.f copyright, sot- paKe immt-diaH'l;- fnUowins tlit Ull« p.iire. 
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(753) Circumference of pinion = 12 X 3.1416 = 37.C99'. 
Distance each moves = 




37.699 X 



6.5 



Ans. 



360 ■ 

(754) The construction 
is shown in Fig. 69. This, 
in connection with the prin- 
ciples explained in Arts. 
1432 to 1438. should 
enable the student to lay 
out the motion. 

(755) See Art. 1441. 

(756) The forward 
stroke, in this case, is the 
stroke from left to right, 

while the crank-pin moves through the lower part of its 
drcle. Cross-head A leads during the forward stroke, and 




L^Ta^J FIO. 89. 

cross-head B during the return stroke. The constnictioD 
to be used in determining this is shown in Fig. 349. 
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(757) The effect is the same as though one toggle-joint 
were used instead of two. First, find the pressure exerted 
by the screw. The distance that the power moves in one 
turn of the lever = 20 X 3.1416 = 62.832'; distance that the 

nuts move = :J'; velocity ratio = — ^r-^ = 251.328; force 

exerted = 75 X 251.328 = 18,849.6 lb. 

When distance B = 16', the distance corresponding to /:, 

in Fig. 352, = ^r — = 2'. The distance corresponding to 



O r, therefore, equals |/18' — 2* = 4/32O = 17. 888^ Whence, 
applying formula 1 35, 



P = 



18,849.6 X 17.888 



= 84,295.4 lb. Ans. 



2X2 
(758) In the diagram in Fig. 70, H E, C E, E R, and 

I \ 




Fig. 70. 



O R are center lines of the parts which have the same letters 
in Fig. 22, question No. 758. 
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Draw C^^ perpendicular to £" 7? produced ; then by the prin- 
ciple of moments (see Art. 1447), the thrust in the direc- 
tion oi E R=. ^ ^ j~ = -r^— = 6.82 lb. Erect the per- 

c/a .44 

pendicular C c, and draw C/* perpendicular to H E ^nd Cg 
perpendicular to H C. Then, the pull on the pin at //'will 



equah 



0.82 xC^ 6.82X1.28 



Cf 



.62 



= 14.08 lb. Ans. Horizontal 



,, , . u 1 6.82 XC'^ 6.82X1.28 ^, ^^. ,, 
thrust of cross-head = = r^z = 13.86 lb 



Ans, 



Cg .63 

(759) See Art. 1457. 

(760) The construction is shown in Fig. 71. The 

various points are lettered in 
the same manner as in Fig. 358, 
and the description in Art. 

^ 1452 will apply to Fig. 71 in 
all respects, except that the 
circle must be divided into five 
equal parts instead of three, 
and the arc deb must contain 
three of these parts in order to 
have the ratio 3 : 2. 

(761) {a) Fig. 7^ (-Z) shows 
a diagram giving the propor- 
tions of the various parts; the 
arc a e gls one-half as long as 
the arc a cg. See Arts. 1454 
and 1455. 

(d) 360 -=r 20 = IS : hence, the 
crank-pin circle d c h £ mnst be 
divided into IS eqn^ parts. 
The n:'-t:^n :s shown in Fig. 72 ib). See Art. 1455. 

i762» See Art. 1459. U) Greatest rate = .>> • 




r 



Scale p=lfL 



^ . 3. • . . 



1 



■»• \ 



-f » ■ 



-J .'.j 



— = .'/^'.03 rev. Least rate = ^? x -SS^^5 = 



4-4 - rev. 

\ : . C :nne:t:r_;: hs c escribed wonlc double the vaiiatioa 
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^ 


-^ 




/ f^" 




><\^\" 


^^_^ 


( \ \ 


^ 


1 ) ^ 


^~^-~.,^^ 


\yi, 


1 


^4^1 


"--^ 












c 


J 


m 




AJ-?L:£r, KECHAXTCS. 



7ta. :-. F.^ -: wr^-:: 



Lij :^ aK«:=^ =crckt; also 

!»■ ^ O C: n-jcT£xx C arid h, aad 
irridSttilir r-> C r. Meascrc the 



~i-- -,f *i-t caia is shovs ia Pig^. 74. 




f 76R) Th'; construction of the cam is shown in Fig, 75. 

It is liimilar in principle to the one shown in Fig, 366. 

(766) The Khapc of the development of the groove is 
showti in Fiy. IH. The method of laying it out is also 
indicated. 
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(767) This cam is shown in Fig. 77, and is like the one 
shown in Fig. 369 in all respects except that the dimensions 
are different. The description given in Art. 1474 will 
apply to this case. 





Fig. re. 
(769) i*!^^ = 23.8' = 2;jf. Ans. 

C. Fo/, yi.—i9- 



''770' f^iisc:--: 



:ir==:a 137, la x A X 20 = 




(771) SeeArt. 1481. 900-=- 150= 6; 2 x 3 = 6, and 
4 / 1 i = 6. The ratios would then be 2 : 1 and 3 : 1; also 
i : 1 and 1^ : 1. Other ratios could be used. 



(772) See Art. 1483. 

_ 5 X 33,000 
loun >i-^,„j ^ 3.1416 X 3' 

(/^) Diameter in inches = 



(a) Effective pull ir 
87.54 lb., nearly. Ans. 
5 X 33.000 X 12 



-50 X 200 X 3.1416 = ^^ '■"<='''=^ 

Ans. 

(773) By laying out the two pulleys, the arc of contact is 

f<iiiml lubcabnut l.W". The allowable effective pull per inch 

iti width, taken from the table is, therefore, 33.8 lb. Ans. 
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The effective pull of the belt = , ^ ^^ ^.y ^ IL = 1^6.05 

^ 4X3.1416X1,500 

Jb. 126.05 -5- 33.8 = 3.7 inches. A 4-inch belt would be 

used. Ans. 

(774) The speed of the belt in feet per minute = 
14 X 3. 1416 X 90. Substituting in formula 1.42, 

630 X 250 _ 
^ - 14 X 3.1416 X 90 ~ *^ ' ""^^"^^y- 

The wheel should be 41 inches wide. An& 

(775) Speed of belt = 2 X 205 X 3.1416. Substituting 
in formula 138, /,= 6 X 2 X 205 X 3.1416 ^ 3 ^ ^ p^ 

nearly. Ans. 

(776) Calculating first for a double belt, we find that 

. rr 6X2X205X3.1416 ,^ . . 

H= — = 12.3, nearly. 

Next, calculating for a single belt with 30-inch pulley, we 

find that 

rr 6X2.5X205X3.1416 "^ ^ , 

11= ^ = 10.7, nearly. 

The double belt would, therefore, be the more effectual 
remedy. Ans. 

(777) (a) Substituting in formula 147, 

18 = ^r ^; or ^/= 18 -7- 4/5.7143 = 7.53 inches. Ans. 

{b) Substituting in formula 146, N= 4/7O X 400 = 167^ 
rev. per min. Ans. 

(778) {a) Substituting in formula 144, 

«y_4002<_^_ , 

Ratio, therefore, = 1.78 : 1. Ans. 

{d) Substituting in formula 146, - 

225' 

225 = 4/400 X «, , or «, = -J— = 126.56 rev. per min. Ans 



AP?!:j^n jEscKjtjncs. 



jr'z^T. j^. Ti>j^:.T"r'--^Triaf:TfrTTarrTerpT; TSTT^aimrnla 






t/ 

-f 



-H 



.Vr r-: - 



: : - k .: 






-) 



i'j 



^r.- 



^ m , ^ 



i-.e.-r^ ;s sr-'-Trr 



= ^.75 -i- .44 = 10. 1& inches 



- ir. Fij. -a 



Wfthtt^/tm 



[[ 



[ [- 



VHHHuMWMV 



fti^Ut^tMtl^ <^»®> See Fig. 79. 

An S-inch belt should 

hare a double row of 

holes, five in the row 

nearest the end. Space 

the holes equally. 

(781) The ar- 
rangement of the pul- 
leys is shown in Fig. 
80. The belt leads 
from point a^ on pul- 
vto, rs^. ley 4> iiito the plane 




/*H\VMvvHVvv 



APPLIED MECHANICS. 



287 



of pulley B ; and from point b, on pulley B, into the plane 
of pulley A. 

(782) Fig. 81 shows how the two shafts may be connected. 
The arrangement is entirely similar 
to that shown in Fig. 393. 

lman\ 60x30x60x30 , 

<'»3) 15X16X10 =°'"°''« 
of revolutions of last shaft = 1,440 
rev. per min. Ans. 

The crossed belt and gears each 
reverse the direction of rotation ; 
the open belt does not change the 
direction. Hence, the first and last 
shafts turn in the same direction. 

(784) Gears B and C, being 
idlers, do not affect the number of 
rotations made by X). Hence, D 

makes sn = ^ ^^^n for every turn of 

A. As the number of axes is even, 
the first and last turn in opposite 

directions. 




Referring to Fig. 




Fir.. SI. 

times while the lead screw turns 



Pig. so.. 

and applying formula 
137, we have N X 
'i, X d^ = n X /, X 
/„ N and « being 
the number of revo- 
lutions of the spin- 
dle and lead screw, 
respectively. Solving 
for rf„ 

^ _ «x/. x/, 

'^'~ Nxd, ■ 

Now, to cut 4 

threads per inch, the 

spindle must turn 4 

i times. Hence, sub- 
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stituting in the formula, we have « = 8,/", = 3, iV= 4, </, = 1, 

« 4x1 4 -^^ 

Since 16/*, remains constant for this lathe, we may 

16 f 
hereafter write the formula as d^ = ^' . 

For 5 threads, ^/, = — —^ = -r-/,. 



For 6 threads, d, = i^ = |-/.. 

For 7 threads, ^/, = — ^ = y/«- 

16 f 
For 8 threads, ^/, = —^ = 2 /, , etc. 

o 

To make out the table, we should aim to use the same 

gears as many times as possible. Start with 96 teeth for 

96 
the gear on stud. Then, /^ = — = 24 teeth. For 5 threads, 

5 3 

/, = — X 96 = 30, when ^, = 96; for 6 threads, /, = - X 

7 
96 = 36, when ^/, = 96; for 7 threads, /, = -^ X 96 = 42; for 

8 threads, /, = - x 96 = 48. The other gears are found 
in the same manner. 

(786) The gear makes -J- a turn in passing the center at 
each end of the rack, two turns on top of the rack, and two 
turns while traveling over the under side. 

(a) The circumference of the gear = 10 X 3.1416 = 
31.416^ Distance that the rack travels uniformly = 2 X 
31.416 = 62.832''= 5 ft. 2.832^ Ans. 

(b) The motion is harmonic as the gear passes over the 
ends, and the horizontal distance traveled by the rack at 
eacn end = the radius of the gear; distance traveled at both 
ends = 2 X radius, or 10 inches. Hence, 5 ft. 2.832'+ 10' 
= 6 ft. .832', the total travel. Ans. 
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(787) When driving through the worm and worm- 
wheel, 40 turns of the worm produce one turn of the driven 
shaft Zl When driving through the gearing, 40 turns of 

40 X SO 
the shaft 5" produce — — - — = 160 turns of T, Hence, the 

ratio of the ** quick return " is 160 : 1. 

(788) Circumference ofgearZ>,=3.5x3.1416=10, 9956=: 
11', nearly. Hence, for every foot travel of the table D 

12 

makes — = 1^ revolutions. To find the number of turns 

made by the pulley for each foot passed over by the table 

we have, therefore, A^ X 3.5 = ^^ + 26, or N— _H2L?1_ 

11 11X3.5"- 

8.103 +. This, multiplied by the circumference of the 

„ 8.103X30X3.1416 ^^ ^ ^^ 
pulley, = — =63.6. Hence, the ratio is 

63.6 : 1. Ans. 

(789) {a) D F a 



Wheels locked +10 +10 -i. iq 

100 



Arm stationary — 10 — 10 x 







+10-10X^ +10 
Number turns of /?= 10 - ^^ = _.ioi turn. 
The wheel /, being an idler, it is not considered. 

(*) D F A 

Wheels locked +10 +10 ■ jq 

-10 -lox^ 



+io-iox^ +10 



Number turns of ^= 10 _ li^ = + . 009. An». 
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(790) (a) D 


F 


A 


Wheels locked + 4 


+ 4 


+ 4 


Arm stationary — 4 


-^4 





Arm stationary + 1 


+ li 





+ 1 


+ i 


+ 4 


F=+4-5 + li=+i. 


Ans. 




(/;) D 


F 


A 


Wheels locked + 5 


+ 5 


+ 6 


Arm stationary — 5 


-|x. 





Arm stationary — 1 


-1* 






-1 -2i +5 

Fz=i + 5 - 6i - li = - 2^. Ans. 

(791) D F, A F, 



Train locked +6 +6 +6 +6 

40 
20 



40 
Arm fixed -6 -60 +^X60 



-8 


-8 


-8 


+ 8 


-8 





+ 20 


-20 






-54 +126 +6 

(792) 20 turns of shaft 5 will produce ^^ .^ ^^^^^'^ = 

8 turns of Dy L. H. Hence, 

E H,K D 

Wheels locked 
Arm fixed 
Arm fixed 

+ 20 -36-8 
Pulley K makes — 36 revolutions. Ans. 

(793) See Arts. 1550 and 1558. 

(794) {a) See Art. 1552. 

[b) Substituting in formula 150, 

-. 3.1416 3.1416X2 ^no • u a 

C = — T\ — = 7. = -698 mch. Ans. 

4J- 9 

3 1416 
{c) Substituting in formula 149> /^= . ^ . = 2}. Ana 
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(795) (a) From formula 161, 

Z>= -^ =— = 10 inches. Ans. 
{d) Substituting in formula 152, 

0D= 2^4^ = 10. 667 inches. Ans. 



(c) Addendum = -=.3333"; working depth = 2 X .3333 = 
667 inch. 

{d) Clearance = .3333 X g- = .042"; whole depth = .6674 
.042 =.709". Ans. 




(796) 
(797) 



Fig. 82. 



See Fig. 414. 

{a) Number of teeth 
(d) Number of teeth 



48 X 10 = 480. Ans 
(14-2xi)xO=H2. Ans. 
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_ 1.25 X 70 

3.1410 " 



37.852 



(798) From formula 153, D -. 

(799) Substituting in formula 154, 
,_2AV 2X15-5X2 62 ,„. . ^ 

F+7' ~ — 2+"a — ~ y ~ ^ inches Ans. 
X 15.6X3 9 



2 + a 5 ~ 

Substituting in formula 155, Z) 
l&f inches. Ans. 

.A. 



3 + 2 




Pto-Oi 

(800) W See Art. 1560. 
(*) See Art. 1563. 

(801) See Art. 1573. 
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(802) Diameter of internal gear = 30 -?- 3 = 10 inches. 

Diameter of pinion = 21 -r- 3 = 7 inches. 

10 — 7 
Diameter of describing circle = — - — = 1^ inches. 

See Art. 1 565. 

(803) To determine whether two involute gears will in- 
terfere, use the construction shown in Fig. 425. In Fig. 82, 
it will be observed that the addendum circles of both gears 
cut the line of action N Ny at points e and d^ outside of 
points E and D, Hence, both gears will interfere. 

(804) The solution to this example is shown in Fig. 83. 

(805) Since the worm is triple-threaded, it will drive 
the wheel three teeth at every revolution; in 100 revolu- 
tions, it will drive it 100 X 3 = 300 teeth, or ~ =1,b revo- 

40 

lutions. Ans. 

(806) {a) The wheel must have the same circular pitch 

as the worm, or f ^, and, as the worm is single-threaded, the 

number of teeth in the wheel is the same as the ratio of 

|. X 40 
speeds, or 40. Hence, Z> = ^ ^,^^ = 9.55'. From Table 

o.141d 

34, the addendum = .3 X i =.23' ; outside diameter = 9. 55 + 

(2 X .23) = 10.01, or, say 10'; whole depth, .23 + (.35 X 5) = 

•23 + .26 = .49'. 




Fig. 84. 



{b) The section of the worm is shown in Fig. 84. 
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(807) See Art. 1581. Tangent of angle of thread = 

circum. of cylinder ^ 2 x 3 1416 ^ ^ x 3 X 3.1416 = 18.8496. 

pitch J 

The angle, therefore, equals 86** 58', nearly. Ans. 

(808) For every tooth moved, the screw would make 
Jj of a turn. For every turn of the screw, the **feed" 

would be ^ = I inch. Hence, ^ x ^ = j^ = g|g inch 

= the required **feed.** Ans. 
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(809) Applying formula 156, H. P. = .0001904 R U\\ 
= .0001904 X 4.5 X 70 = 275 =16.49 H. P. Ans. 

(810) From formula 156, 

p _■ H. P. 6 — q IK 

.0001904 ir.V .0001904 X 50 X 200 " 

Might use an arm 3:^ or 3^ feet long. Ans. 

(81 1) Substituting in formula 157, H. P. = .00001586 
r W^A^=. 00001586 (24 + . 4) X (315-8) X 160= 19.01 H. P. 
Ans. 

(81 2) (a) The angle of advance for a valve with neither 
lap nor lead is 0°. 

(d) Cut-off would occur at the extreme end of the stroke 
when the valve was in mid-position. 

{d) Adding lap would make the cut-off earlier, since it 
would necessitate turning the eccentric ahead in order to 
bring the lead right. 

(813) Admission, cut-off, compression (on other end), 
release admission and cut-off (on other end), compression, 
release (on other end). See Figs. 452 and 453. 

(814) {a) See Art. 1606. 
(b) See Art. 1606. 

(815) Increasing the lap without changing the angle of 
advance would delay admission, hasten cut-off, and decrease; 
the port opening. 

(816) First move the eccentric ahead. This will hasten 
the cut-off and also increase the lead. To diminish the lead 

For notice of cop>Tight, see paj^e imtnediately f<>\\<tw'\ut<: *'m; Hll«; ir.iift:. 



296 



APPLIED MECHANICS. 



and make it the same as before, add lap to the valve, which 
will also have the effect of hastening the cut-off still more. 

(817) Inside lap hastens compression and delays release. 

(818) See Art. 1639. 

(819) Mark the position of the cross-head on the guides 
at the dead points. This gives the position of the ends of 
the stroke. With the engine on one center, say the forward 
center, set the valve with the proper lead. Now, move the 
crank forward until the valve cuts off, and measure the dis- 
placement of the cross-head. Move the crank forward until 
the valve cuts off on the return stroke, and measure the dis- 
placement of the cross-head. If the cut-off is earlier at the 
head than at the crank end, the valve spindle is too long, 
and vice versa. Suppose the valve spindle to be too long ; 
then, to shorten it, turn the engine forward until it gives 
the head end lead, shorten the valve spindle, which will 
increase the lead ; then, reduce the angle of advance until it 
gives the proper lead. Try the operation again. The lead 
at the other end of the cylinder will, of course, be too small, 
unless the engine is specially designed to give equal cut-off. 

(820) Increasing the lead is accomplished by moving the 
eccentric ahead, which hastens the action of the valve, thus 
causing admission to occur earlier; when the crank reaches 
the center, therefore, the port will be open wider, or the 
lead will be greater. The only effect upon the port opening 

jB^ will be to make it occur 

earlier. It will not in- 
crease the port open- 
ing. 

(821) (^?) At mid- 
position, where the 
displacement is zero. 
The displacement of 

a valve is measured from mid-position. 

(^) The diagram is shown in Fig. 85. The displacement 
of the valve, for the crank position is equal to r f. 
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(822) (a) The port opening is always equal to the dis- 
placement minus the lap. See Art. 161 !• 

(d) See Arts. 1613 and 1614 and Figs. 44»3, 447, and 
448, etc. 

(823) {a) See Art. 1622. Since the steam should not 

flow over 6,000 feet per minute, we must have the area of 

the port X 6,000 = area of piston X piston speed in feet per 

minute. 

Area of piston = 18' X .7854 = 254.47 sq. in. 

40 
Piston speed = — x 2 X 90 = 600. 

Hence, area of port X 6,000 = 254.47 X 600, or 

. 254.47X600 ^^ _ 
^= MOO = 25.45 sq.m. 

25.45 -V- 18 = 1.41", or 1^V'> nearly. Ans. 

(d) Assume a port opening of .8 of this, or 1.41 x .8 
= 1. 128', say 1^'. Ans. 

(c) See Art. 1623. The width of the exhaust port 
= li^+3 + i--H-=3r. Ans. 

(824) The diagram is shown in Fig. 86. Draw the 
valve circle with a radius of 2^^", and the lap circle with a 
radius of I-', allowing ^' lead as shown. Maximum port 



Vaive 







Fig. 86. 



opening occurs at crank position O R^, at right angles to 
the angle of advance line OK The port, therefore, is open 
from crank position O R^, at admission to O A*„ and is 
being closed from O R^ to crank position at cut-off at O A\. 
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(825) The diagrams are shown in Figs. 87 and 88. The 
crank positions at cut-off and release must be found by the 




Fig. 87. 

method explained in connection with Figs. 446 and 455. In 
Fig. 87, O R is the point of admission; O R^, of cut-off; 
O R^, of release, and O R^, of compression for the head end. 

In Fig. 88, the same 
letters refer to cor- 
responding positions 
of the crank end. 
F F is the angle of 
advance line in each 
case, and the diame- 
ters of the outside 
and inside lap circles 
are determined by 
drawing these circles 
tangent to the given 
crank positions for 
cut-off and release. 
Fig. 88. respectively. 

(826) The length of stroke of the piston must be known 
and the travel of the valve, both of which can be determined 
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by turning the engine through a revolution. The other di- 
mensions easiest obtained would be the lead and laps, the 
former by measuring when the valve-chest cover is off and 
the engine is on a center, and the latter by removing the 
valve, taking its dimensions, and also the dimensions of the 
valve seat. Having these data, the diagram is easily drawn. 




Fig. 89. 

(827) The method of solving this problem is entirely 
similar to the method used in the general problem, Arts. 
1627 to 1631. The diagram is shown in Fig. Sd; O F 
is the angle of advance line. 

(828) First calculate the width of steam ports and 
maximum port opening. 

Area of piston = 17'' X .7854 = 22G.98 sq. in. 

2fi y 2 V 1 50 
Area of port X 6,000= 226.98 X ' = 24.59 sq. in. 

i. /C 

This, divided by 17, which we will assume to be the length 
of port, gives 1.44 = l^^", nearly, as the width. 

C. Vol, VL—20. 
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(849) See Art. 1650. 

(850) No. Changing the angle of advance varies the lead. 

(851) See Fig. 93. First find the crank positions 
O R and O R for the latest and earliest points of cut-off. 
Draw the lap circle about C tangent lo O R and draw the 
lead line //. Through C draw the horizontal line C //, and 
with the compass point upon this line draw a lap circle of 
the same size as the former one, tangent to O R, Its 
center will fall at />, and C D is the distance that the 
eccentric must shift. The port opening for shortest cut-off 
is equal to O d, or \ inch. 

(852) The valve diagram is laid out for full gear posi- 




FlG. 94. 

tion as shown in Fig. 94. This part of the process is like 
designing a plain slide valve, remembering that the valve is 
to over-travel f of an inch. 

In Fig. 95 are drawn the two link diagrams. In each, the 
eccentrics are drawn with the angle of advance found above. 
These diagrams are similar to and are lettered the same as 
the diagrams shown in Figs. 473 and 474, and further 
explanation seems to be unnecessary. 
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(863) (a) See Art. 1 668. 
(/;) See Art. 1 675. 

(854) Use formula 158, A'" = 35^ p^^ ^ ^^^.^^^ 

of 20' we have X^ = 35,29-4: ^ 20, or iV= 42.008 rev. ; for 
a height of 18^ .V= 42.28; for a height of 22^ A^ = 
40.05:3 rev. 

(a) 44. 2S — 42.008 = 2.272 rev. increase. Ans. 
(/;) 42.008 — 40.053 = 1.955 rev. decrease. Ans. 

(855) (^^) vSee Art. 1674. 

(/;) Compare formula 159 with formula 158, Art. 
1668. Since JK equals five times the weight of both balls 
together, it is equal to 10 X B and 

// = ^l + ii^ // = ^1 + ^W 1 = 1 + 10 = 11^ Ans. 

(856) See Art. 1676. 

(857) Substituting in formula 163, 

,, 5 4X5.85X6.5 + (3X5.4X14) _ 

^".00000114X10X240' 9X10 "" 

3.4045 lb. 

Substituting in formula 162, 

IV= }j [.000028 X 240^" (4 X 5.85 X 6.5 + 3.4045 X 9 X 10 
+ 3 X 5.4 X 14) - (3.4045 X 9 + 4 X 5.85 + 3 X 5.4)] 
= 115 lb. Ans. 

(858) See Art. 1591. 
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(859) See Arts. 1698 and 1702. 

(860) See Arts. 1764 to 1791. 

(86 1 ) Applying formula 1 68, 

t^J P^d _i/ 8QXl5Xl2x"3 _3 

^ " ^ 1,600,000 - ^ 1,600,000 ^ 16 ' ^^'^^^^' ^''^* 

(862) Applying formula 177, 

rf= 1.13|/ -^= 1.13y g-^^ = 2—', nearly. Ans. 

(863) Applying formula 1 84, 

(864) (a) Using formula 190, 

A = 14, 500 X. 80+ 62,032^. 08 -^W 16,097. 32 B.T.U. Ans. 
(^) Using formula 1 89, 

fr= 11.6 X .80 + 34.8 ^.08 - ^^ = 11.8 lb. Ans. 

(865) Since the number of B. T. U. contained in the 
gases is directly proportional to the temperature, 600° — 250° 
= 350° may be considered to represent the amount of heat 
saved. Then, 

350 -T- 2,800 = .125 = 12.5^. Ans. 

(866) From Table 41, the factor of evaporation for 120° 
feed and 80 lb. pressure = 1.131; for 120° feed and 90 lb. 
pressure = 1.133; hence, the factor for 120° feed and 85 lb. 
pressure is evidently 1.132. In a similar manner it is found 

For notice of copyright, sec paj^e immediately frjllowinj^ tin: titl<? pa^e. 
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that for VMf feed and 85 lb. pressure, the factor is 1.121 
(>)iisc(iueiitly, for a difference of 10^ in the feed, diflEerence 
in the factors is 1.1:J2 — 1.121 = .011 = .0011 for adiflEerence 
of I". 127' - Wf = 7^ and .0011 X 7 = .0077 = diflEerence 
for a difference of T\ Hence, the factor for 127° feed and 

Hr, lb. pressure = 1.132 - .0077 = 1.1243, and^^^^^^^-^ 

■•■-. \)\.:\ II. P. Ans. 

(8tt7) I^Vom the table of the Properties of Saturated 
Steam, the latent heat of steam at 80 lb. gauge pressure is 
HHO./)!), and the temperature is 323.71. Applying formula 
204, and substituting, 

^ = k«.!,r,.j[>^^^« - 44)-(323.71 - 110)]= 97. 7j^. Ans. 

(Htt8) I^Vom the steam table, the volume of a pound of 
steam at 7^} lb. gauge pressure is 4.811 cu. ft. Then, the 
area of the cross-section of the pipe must be 

7,200X4.811X144 . . ^. 

4:m-naro = ^0.78sq.m., 

3 

and the diameter not less than 5-r^ Ans. 

lb 

(8tt9) This example might be worked by applying 
formula 180 for each pressure; but since there is a constant 
difference of 5 lb. between any two consecutive pressures, 
there will also be a constant difference between any two con- 
se(Mitive graduations, and the example may be worked as 
follows: Applying formula 186 for a pressure of 40 lb., 

, 'i.r)(.i() X i2.r)(;(;4- 8.5) - 21 X 19 ,^^^, 

(1= =17.05\ Ans. 

A|)j)lying again for (JO 11)., 
^^^ .l.r. (.U. X 1..5.i.i4-8./>)- 21X19 ^ ^^^^, ^^^ 

Then, ^ - " - '• ' = 2.()4--'' = distance which weight 

4 4 

must be moved in order to produce a difference of 5 lb. per 



STEAM BOILERS. 309 

sq. in. in the blow-off pressure. Hence, for a blow-off pres- 
sure of 45 lb., 

d— 17.05 + 2.64^- = 19.G9^ Ans. 

4 

For 50 lb. , ^ = 17. 05 + 2. 64^ X 2 = 22. 34^ Ans. 

4 . 

And for 65 lb., d- 17.05 + 2.64^ X 3 = 24. 98^ Ans. 

4 

(870) See Art. 1695, 

(871) {a) 4 ft. 3 in. =4.25 ft. Total force exerted 

, 12 X 4.25 X 144 X 80 ^^_ ^^^ ,, . 
along one seam = ^r = 293,760 lb. Ans. 

(b) Total force along a girth seam = 4. 25' X . 7854 X 80 
X 144=163,426 lb. Ans. 

(872) (a) to {d) See Arts. 173© to 1739. 

(e) The double-riveted butt joint. (See formula 
171.) 

(873) Applying formula 179, 

^ = .885 dsTL = .885 X if--/^^ = 12.42^ say V^' . Ans. 

p 4 140 2 

(874) (a) and {b) See Arts. 1764 and 1765. 

(c) See Art. 1770. 

(d) See Art. 1772. 

(875) (a) See Art. 1804. 

{b) See Art. 1805. (^) 400 X. 4= 160 lb. Ans. 
(d) See Art. 1805. 

(876) Using formula 193, 

p 77 

°''/^= 7.6 7.9 = 7.6 " -7:9— = ^^Q^^- ^^■ 
r„ 7; 460 + 60 460 + 580 

(877) See Art. 1833. 
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(891) Applying formula 165 and taking -j = 9,500, 

f- fpd _ 1X110X38 _ or/-?./' Ane 
^""26>""2X9,500X.60 ^ '^^ ""8' ^• 

(892) See Arts. 1740 and 1741. 

(893) Using formula 178, 

d^ 1.13ai/% = 1.13 X 4.5^/3^^ = .719", say y". Ans. 

J 8,000 4 

(894) (^) 120 X 30 = 3,600 lb. of steam per hour. 
Applying formula 1 88, 

.5w .5 X 3,600 00 r - A 
^=J+10= 70 + 10 =^^'g^q'^^' ^^• 

(<5) 22.5 X 70 = 1,575 lb. Ans. 

(895) See Art. 1802. 

(896) (a) Applying formulas 197 and 194, 

^/=13.644/:£' + 4=13.54yi?^S. + 4 = 



,54|/;3X700 



13. 54 y ;i-i: +4=65. 3". Ans. 
4/105 

{d) Applying formulas 196 and 194, 

5=12|/^I^5^ + 4 = 58.3". Ans. 
/lOS 

(897) Using formula 202, in which IV = 150 X 34.5, 

G = -1^ = 1552^-^^ = 31.55 sq. ft. 31.55 X 3G = 1,136 

I^e 10 X 10.25 ^ r. A 

sq. ft. Ans. 

(898) See Arts. 1868 to 1873. 

(899) Applying formula 200, 



F= 2.25 V^= 2.25 vT35 = 2G.14 lb. of coal per sq. ft. of 
grate per hour. Then, 26.14 X 3.5 X 5 X 10 = 4,575 lb. 

Ans. 
(900) See Arts. 1717 to 1721. 
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^901 ) Applying: f: n-ula 1«5, 

(902 .» A;.;.: y: r. i: f : rmula 1 70, 

(i^ App'ving icnmiia 1 72, 

. , , 3 3 3 3, - 

(c) Applvir.g foriniila 173, 

4-- 

r = -^ — = -^^-5 — =.T8 = 78^ Aas, 



6 



(903) Using formula 179, 

(904) See Art?. 1773 to 1782. 

(905j ll.*' •' .C*.r»= 11.0*2 lb. of air required per pound 
of coal. Then, since 1 ib. of air at 62° has a volume of 
13.14: cu. f: . the t tal number of cubic feet to be furnished 

per minute = 

11.02 X It X 13.14 X "^^'^ ''.^ -^'^ = 1.042.6 cu. ft. Ans. 

(906) U) From Table 3S, 032 H. P. Ans. 

Id) Applying formulas 195 and 194, we have, since 

3 ft. >' = 44", 

H. P. = 3.33 £^$ // = 3.33(--l -.6i/Z)/^ = 

'^•'''^ (rn "" •*' ^ rn) ♦ ^ = ^^^ ^- ^- ^'^s- 

(907) From Table 41, the factor of evaporation for a feed 
temperature of 12^' and a steam pressure of 105 lb. gauge = 
1.137; and for 200' feed and 1051b. gauge = 1.054. Then, 

1.13:-1.0.U ^^^.3 ^_ . 

gam = — r-;;: = .073 = 7.3^. Ans. 

1. 13 1 
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(908) See Arts. 1876 and 1877. 

(909) (See Art. 1900.) 300x30 = 9,000 lb. of 
water required per hour. Adding 15^ for emergencies and 
20^ for leakage of water past the piston, etc., 9,000 + 

9,000 (.15 + .20) = 12,150 lb. per hour = ' = 194.4 cu. 

ft. per hour. Assuming the pump to make 40 strokes per 

194 4x1 728 

minute, the displacement per stroke = — ^- -^- — = 140 

' ^ ^ 60 X 40 

cu. in. Taking the stroke as twice the diameter, 



d* X .7854 X2d= 140. or ^= f ^_L^ = 4.47', say 4^'. 
Then, stroke = 4jr X 2 = 9'. Ans. "^' 

(910) See Art. 1716. 

(911) In Art. 1366 it is stated that a cylinder is 
twice as strong against transverse rupture as it is against 
longitudinal rupture. Since, in example 901, the efficiency 
of the joint is 72^, the relative strengths of the two seams 

are ^ = — , i.e., the girth seam is twice as stroner as the 

lX.72 1' ' & & 

longitudinal seam. 

(912) See Arts. 1744 and 1745. 

(9 1 3) Applying formula 1 80, 



d= l.l3i/I^^= 1.13^/ ^^^ ^ ^^^^, = .79r, say ^^ 
T cos B 6,000 cos 18 16 

Ans. 

(914) Applying formula 185, 

40 
r^j u/\ If/ 4(110x5''X.7854-8)-12x-^ 

^~ d ~ 40 

209. 2 lb. Ans. 

(915) See Arts. 1806 and 1807. 

(916) The easiest and most accurate way to solve this 
example is as follows: Let//, 7"^, and 7"^ i^^P^^^sent the height 
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(/ f 'I r.': >;/r.':ry/^\ vfrssel. Art. 1300. 
(022; -v'- Artv. I 748 and 1749. 
(it2«t; ^'■•'»^'X forrritjla 181, 

///'///' i/'''''" />^/=^=^' = 5.585'. say 5|'. Ans. 
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(924) Applying formula 1 86, 

._ a{pA-^ W;)- W^c _ 4(110x5*X.7854-8)->r2x20 

W '~ 265 

= 31.6^ Ans. 

(925) See Art. 1808. 

(926) Applying formula 200, 

{a) 2.25 VZr= 2.25 1/80 = 203- lb. per sq. ft. of grate per 
hour. Ans. 

{b) 2.25 4/115 = 24— lb. per sq. ft. of grate per hour. Ans. 

o 

(927) See Arts. 1840 to 1852. 

(928) See Art. 1 880. 

(929) {a) At 65 lb. gauge pressure the latent heat of 
steam is (see steam table) 895.296 B. T. U., and the tem- 
perature is 311.605**. Applying formula 204, 

<2 = /-[-^(^.-^«)-(^-^«)] = 

^^f-^ (120 - 40)- (311. 605 - 120)1 = 1.00346. Ans. 

{b) The answer to {a) shows that the steam is super- 
heated, and the number of degrees of superheat can be 
determined by means of the expression given in Art. 1 853* 
Thus, 

(g - 1) / ^ (1.00346 - 1) 895.296 ^ ^^.^ ^^ 

.48 .48 

(930) See Arts. 1 725, 1 726, and 1 7 1 4. 

(931) Applying formula 167, and substituting 12,000 

o/c 2X:^X12,000X.66 

^ £££i2 _ £5 = 118 lb. per sq. in. Ans. 

^ fd 42 

C. Vol VL—21. 



895 



.It steam boelers. 



'932 ^ T^-.'.T'..'.^ z: rzi-ila 1 74 for /, and substituting, 

3- >'(^r'-'-^ 



•«>(i 



r .^^ i . -W 



= •5.5 lb. per sq. in. Ans. 

> Ac^Iji-z rnnzla 182, 

/ = ■ ■■ — = -^^ — 1— = 143.5 lb- per sq. in. Ans. 

•: - * ^ • «: 4"i 

r»34> See Arts. 1783 to 1791. 

(935) See Arts. 1820, 1812, and 1823. 

(93«) Applyin;^ formula 199, 

F= 1 5 sTT- 1, or H= {^y = (ii±iy = 100 ft. 

Ans. 

(937) (a) See Art. 1841. 

id) Total heat of 1 lb. of steam at 60 lb. gauge 
pressure = 1,175. 0*25 B. T. U. Heat units required to va- 
porize the water at 5*2 ' into steam at 60 lb. gauge = 1,175.625 
— 52 -f- 3-2 = 1,155. 0-25 B. T. U. 

^^ . 1.155.6-25 X 175,000 „. ^ . . 

Efficiencv = — — — — ,. ' — = 78.8 jtf. Ans. 

iy,LKJ<3 X 13,500 ^ 

(938) See Art. 1 866. 

(939) See Art. 1861. 

(940) See Art. 1712. 

(941) See solution to (d), example 929. 

(g-l)/^ (1.0148 -1)884.98 ^^^^^.^ Ans. 

.48 .48 

(942) Solving formula 174 for / and applying. 



. a/^^ ./2xTrx75 , ^, . 
(943) Applying formula 183, 

p = - yi = . a — ^ = 135 lb. per sq. m. Ans. 
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(944) See Arts. 1794 and 1800. 

(945) TTR = 116o lb. of coal per minute. 

Applying formula 191, 

^•^•==33,000^= 33,000 X. 625 =^^'^^^'^' ^^' 

(946) -?^M_ = 21 sq. ft. Ans. 
9^X15 

i^^^\ f\ 175,000X1,155.625 ^^^ ^on iu a 

(947) (a) ^—j = 209,331 lb. Ans. 

(*) 209,331 -T-19,000= 11.02 lb. per pound of 
coal. Ans. 

(c) 209,331 -^ (19,000 X .93) = 11.85 lb. per 

pound of combustible. Ans. 

(d) Horsepower = Jt^^'^^L = 275.8 H.P. Ans. 
^ ^ ^ 34.5 X 22 

(948) See Arts. 1881 to 1883 and 1698 to 1703. 

(949) Applying formula 190 to find the heat of com- 
bustion, // = 14,500 X .643 + 62,032 ^.042 - '-^\ =11,153.5 

B. T. U. Heat required to change 1 lb. of water at 100° 
into steam having a temperature of 240" is found from the 

steam table to be 1,087.14 B. T. U. Hence, ]^'lt^'^, = 10.26 

l,0o<. 14 

lb. Ans. 

(950) From Table 41, the factor of evaporation for 55^ 
feed and 40 lb. gauge pressure is 1.187. Consequently, 

^^^^\^^^ = 32.2 H. P. nearly. Ans. 
o4.5 

(951) Applying formula 166, 

2/5 ^^l^ ^^^'^^^ 
/ = ^ .' = — = 300 lb. per sq. in. Ans. 
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(952) Applying formula 1 76, 

' 2^ 5 2^ 12,000 2 • '^^• 

(953) Applying formula 1 84, 

(954) 18-11.8 = 6.2 lb. free air. 8 + 6 = 14j^ of 
hydrogen and oxygen. Then, // — — = .08 — ^-^- =.0725 = 

o o 

7.25j< free hydrogen. Therefore, percentage of water = 
14 — 7.25 = 6.75j^, and the composition of the fuel may be 
written C= 80j^, B= 7,25j<, water 6.75^ and ash 6^. The 
products of combustion are : 

Carbonic acid 80 X 3.67 = 2.936 lb. 

Water (steam). . .0675 + ,0725 X 9 = 0.72 lb. 

Nitrogen , 11.8 X .77 = 9.086 1b. 

Free air = 6.2 lb. 

Ash = 0.06 lb. 

Total = 19.00 lb. 

Then, as in Art. 1802, 

16,097. 32 -.72x966.1 __ 

~2.936 X. 217 +.72 X. 4805 + 9.086 X. 2438 + 6.2 X. 2375 "" 
3,297°. Ans. 

(955) See Arts. 1816 and 1814o 

f^M^\ 28,930X1.1243 ,^,oiu ^ ^ a ( 

(956) — - — ., .^ = 10.43 lb. of water per pound of 

coal from and at 212°. Ans. 

(957) See Art 1853. 

(958) See Arts. 1887 to 1893. 
Applying formula 206* 

/ = 0.0001/^+ i = 0.0001 X 105 X 4^ + ^"=.172", 

say — ". Ans. 
64 
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(QUESTIONS 959-1023.) 



(959) See Art. 1910. 

(960) See Art. 1911. 

(961) (a) See Art. 1915. 
{b) See Art. 1912. 

(962) See Arts. 1924, 1925, 1927, and 1928. 

(963) From Table 43 the number of threads per inch 
corresponding to the diameters given are 13, 9, 7, and 4^, 
respectively. Applying formula 211: 

d, = d^^' = ^ - ^^= .TSr. Ans. 
d, = ^/-. — ' = ll - il?^= 1.064^ Ans, 

^/ = ^/- — ' = 2 - ^''= l.nr. Ans. 

(964) {a) Apply formula 208. 

For i' diameter, / = .24 4/ .25 + .625 - .175'' = .0495' 
For I' diameter, / = .24 4/. 625 + .625 - . 175' = .0933' 
For 1' diameter, / = .24 V' 1 + .625- .175' = .131'. 
For 1^' diameter,/ = .24 1/ 1.5+ .625 - .175' = .Vib\ 
Now, applying formula 210, 

n = = 20.2, say 20 threads per inch. Ans 

n = = 10.7, say 11 threads per inch. Ans. 

For notice of copyrijjfht, see pa^e immediately foUowinjf the title i^ajic. 
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« = — ^ = 7.6, say 8 threads per inch. Ans. 
, Ibl 

n = — r- = 5. 7, say 6 threads per inch. Ans. 
,175 ^ 

ib) By tormula 210, « = t; ^^> / = -• Hence, 
^ ' p ft 

/ = — • = pitch for ^' screw. Ans. 

/ = —-' = pitch for 1^ screw. Ans. 

/ = -' = pitch for 1^ screw. Ans. 

pz=L -^' — pitch for 1^^ screw. Ans. 

(965) {a) See Art. 1931. 
(^) |'-3 = i^ Ans. 

(966) See Art. 1930. 

(967) From Table 25, the ultimate tensile strength of 

wrought iron is 55,000 lb. per sq. in. From Table 28, the 

factor of safety for a varying stress is 6. Hence, the safe 

... 55,000 , .. onn 55,000 
stress per square mch is — '- — , and 11,800 H — — = 

— ' ,, , , — =1.2873 sq. in. = area at bottom of thread. 
5d,000 

From Table 43, the nearest area in the last column is 1.2928 

sq. in., corresponding to a nominal diameter of 1^'. Hence, 

the bolt should have a diameter of 1^*. Ans. 

(968) Using formula 21 7, 

From Table 43, the nearest diameter corresponding to this 
area is 1 J". Ans. 

The reason that this diameter should be used instead of 
that calculated in the last example is that the bolt is greatly 
weakened by the sharp corners left by the thread cutting tool, 
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and the strength is not equal to that of a round bar whose 
diameter is the same as the diameter at the bottom of the 
thread. 

(969) Using formula 218, 

d = .0228 >/l2,000 = 2^*1 Ans. 

4 
^/ =r 2.5 X r- = 2^ Ans. 

Using formula 219, 

^* ~ 3Qq' X V " ^^ threads. Ans. 

(970) The dimensions of both head and nut are the 
same. Hence, apply formulas 220-226« 

Height of head or nut = 

^ - 8 16 - 16 ' ^^^' 
Diameter of nut or head across flats == 

Diameter of nut or head across corners = 

D, = 1.73 X -' + .07' = 1.58'. Ans. 

Diameter of washer = 

Z>, = 1=- X 1.58' = 1.78', say l|^'. Ans. 

Thickness of washer = 

./ =.15x|'=.13', say ^'. Ans. 

o o 

Fig. 605 shows the manner of representing the bolt, ex- 
cept that a hexagonal head is to be shown instead of a 
square one, and the letters are to be replaced by the sizes 
calculated. 

(971) In the last example, D was found to be If. The 
other dimensions are readily obtained from Fig. 606. The 
student should give the handle of the wrench a slight taper 
to improve the looks. 
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(972) From Table 28, Art 1362, the factor of safety 
for a varying stress is 6 for wrought iron. Hence, area of 

55 000 

cross-section of eye bolt = 2,500 -5 *-t — = .273 sq. in. The 

6 



= ^=/-2^3 ... 5, 



corresponding diameter = d = Y ' =.59'', say—'. Ans. 

Applying formula 227, 

^/, = .8X g= -s'. Ans. 

1 1 /5\' 

Taking a b equal to ~^/*, ab^ -y, i^j = .195 sq. in. 

If we assume that ^z = - ^, ab'="^b^^ and b = 4/.195X2 = 
•624^say■|^ Ans. 

o 

Whence, ^ ~ 2 ^ 8 ~ 16^* ^^^' 

(973) See Art. 1944. 

(974) See Fig. 623. Take height of thin nut as 
one-half that of outer or standard size nut. 

(975) Both devices increase the friction between the 
threads of the screw and the threads in the nut; in this 
respect the principle is the same in both devices. 

(976) Taking d as 1:^", the various dimensions are 
readily obtained from Fig. 642. The student may supply 
any dimension that is omitted, taking such dimensions as he 
deems best. 

(977) Applying formula 233, 

^ = -7X4 = 1'. Ans. 
4 

, 1 ^, , %, 11, . 

/ = - X 4 = -% say — ^ Ans. 

(978) Applying formula 233, 

^ = 1 X 12 = 3^ Ans. 
4 

/ = ^ X 12 = 2". Ans. 
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(979) Applying formula 235, 

* = .2 X 2:^ + .16 = .65', say i^^ Ans. 
16 lo 

/ = .1 X 2^ + .16 = A\ say ^'. Ans. 

(980) Applying formula 237, 

(981 ) Applying formula 238, 

^ = 51^ = 1.26'. 
Using formulas 236, 

6 = h^' = A%\ say ^'. Ans. 
o lb 

t = ''-^'=\'. Ans. 

(982) Area of rod corresponding to diameter d^ = 
7,000 . ,^^ . 

6-;ooo=^-^^^^^-^^- 



Hence, ^. = /^l = ^'^^'^ ^^^ 4'' ^''^• 
From formula 239, 
^. = .816^,or^=---^ = ^^ = 1.53' = l|'. Ans. 

The remaining dimensions are readily calculated by using 
formula 239. The dimension b in Figs. 656 and 658 
should extend to the top of the cotter instead of to the top 
of the slot, as shown. The student may take b as the depth 
of the cotter. 

(983) Applying formula 24 1 , 



./ 10,000 
= 1.57" 



^=^-^^i/U,000x400=^'""^^^y- ^'^^• 
Hence, / = ^^^ = 8. 33', say 8 |^ Ans. 









•» I • 






-.--^■^' ••< ..>■. 



• • - . r -.1 * r 






^ i 



r,ir.r.» : — -^ ^rx. ^ — — -^ — .: = =-4rt i.j^— -?» 






<fS7 A'cr/ir.ir ::m:ila Z-IO, secGtid cohnmi ot 

1*5 

(i^HHj '<2; Apcl/ f.r-'-Ia 25^ Here, «« = -=; hence. 



^//i J^iarr*^;i^,r of hole = la 3-^' x - = 6', nearly. Ans. 

(/; W^Ai(ht of .v^lid shaft per foot of length = 

//><.>* / 10* ,^^^ ^ .^^,^ j^ ^^^, 
in ' "^ 

W^j{/ht of hollow shaft p€;r f'^xA of length = 

141 
I;iflrMMi(f W1 101 - 70 lb. per foot. Ans. 
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(989) {a) Using formula 208, 

/ = .24 i/3.25 + .625 - .175 = .3^ nearly. 
By formula 21 0, 

n = - = 3.333, say 3-r. 

Then, / = - = -=-. Ans. 

{d) Using formula 212^ 

7 3 

/ = -^ = 1.4'', say I-''. Ans. 

O o 



(c) Using formula 215, 

/ = — T-— = 1. 6*^, say l-^ Ans. 

(990) {a) Using formula 21 for each case, 

-. 2 ol ..38, -..58. 

« = l-T-y=3^; ;« = l-T-l- = —, and ;« = 1-^1- = — . Ans. 

{d) Using formula 211 for the first case, 

//, = ^ - — • = 3. 25' - ^" = 2. 879^ Ans. 
n 3.5 

For the second case, it will be remembered that / = — /; 

hence, 

d, = d-2(^pj=d-/> = r-ll' = 5f. Ans. 

3 3 
For the third case, /^ = — / = — / ; hence, 

d-d- 2^|/^ = ^- 1.5/ = 12 - 1.5 X 1.625 = 9^'. Ans. 

(991) See Art. 1930. 

(992) See Art. 1935. Using formula 217, 

15,600 ^ ^ 

^ = "6:000- =^-'^^-^^ 

Referring to Table 43, this area lies between the areas 
corresponding to diameters of "l" and 2^^^; choosing the 
larger, the outside diameter should be 1\\ Ans. 
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(993) From Table 43, the effective area of a 4-inch bolt 
is 0.003 sq. in. Referring to Art. 1935, and using 
formula 217, 

IV = a 5, = 2 X 9.903 X 8,000 = 159,888 lb., say 80 tons. 

Ans. 

(994) (a) Using formula 218, 

J = . O-i-iS f X6W = 1 . 368^ say If. Ans. 
{i) Using formula 219, 

n^ = .005*2 X ' ,^ = 9.89, say 10 threads. Ans. 

(995) Applying formula 217, and taking 5, as 6,000 

lb. per sq. in., 

3.200 .„„ 

''=6:ooo = -^^^^-"^ 

From Table 43, the nearest diameter is 1^. 
Applying formulas 220, 221, 224, and 226, 

>5 = A' = l"-f-l|". Ans. 

n^ = 2.12 X 1"+ .09" = 2.21". Ans. 

The student can readily make the drawing by referring 
to Fig. 605. Omit the washer. 

(996) The dimensions are readily obtained by aid of 
formula 229. 

(997) {a) Using formula 233 for all three cases, 

,1,1 ^1 7, . 
d = Yd= -- X 3^ = -q'. Ans. 
4 4 2 o 

, = ^^==_x3- = ^^,say-. Ans. 
(d) ^ = 1x5 = l-i^ Ans. 

/=-X5 = -", say — ^ Ans. 
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(c) /> = Lxl| = |'. Ans. 

(998) Each key takes up 1,000 -4- 2 = 600 H. P. Hence, 
applying formula 232^ 

^^18^^ 18X500 3 , ^^^ 

IdN 10 X 10 X 50 ' ^ 

/ = |* = |x2=:l. 333', say l|'. Ans. 

(999) For the driven pulley, apply formula 234. 

* = ^' + ^' = .64',say|'. Ans. 

' = 1?' + re' = •^•^'- ^^y Te'- ^'^^^ 

For the driving pulley, ^pply formula 235. 

* = .2 X 4.5' + .10' = 1.06', say 1^'. Ans. 

/ = .! X 4.5' + .16'=.61', say I'. Ans. 

( 1 000) Using formulas 237, 

3 

(1001) It is evident that a 3-' shaft will transmit a 
^ 4 

great deal more than 6 H. P. at 135 R. P. M. Hence, using 

formulas 238 and 236, 

d = 5V^ = 1. 77', Therefore, 
±00 

b = -^ = . 59', say — '. Ans. 

o o 

/=:i^=.354', say?-^ Ans. 
5 o 
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(1002) The calculation of d, d^^ and the other dimen- 
sions is in all respects similar to that required in example 982. 
The various dimensions in the figure may be obtained by 
using formula 239* 

5 
(1C)03) According to Art. 1969, bt should equal - 

times the sectional area of the strap, and t -=• — b. Hence, 

1 5 3 

*X Tb — -Ty^Ty>^ 3.5; or, *" = 13.125 sq. in., and b = 

4/T]ri25"= 3.023', say 3-^ Ans. 

, 1,1 J> 29, 15, . . 

' = 4^ = 4X3^ = 3^'. say-'. Ans. 

The other dimensions are readily obtained from Fig. 661, 
and the drawing can be made by referring to it. 

(1004) Art. 1969 states that b may be made equal to 
d when a steel cotter is used in a wrought-iron rod. Hence, 

b = d^'^\ Ans. 

Also, / = -^= - X 2^ = 3-'. Ans. 

4 4 2 8 

(1005) From Table 43, the area at the bottom of the 
thread for a 3^*^ standard screw is 7.55 sq. in. Referring to 
Art. 1 935) it would not be advisable to take 5, greater than 
4,000 lb. per sq. in. in this case. Hence, ^F= ^5| = 7.55 X 
4.000 = 30,200 lb. = load which rod may safely carry. 

When held by a cotter, the rod is weakened owing to the 

cutting out of the slot, the equivalent diameter being (see 

formula 239X= .81G^= .816 X 3.5 = 2.856^ that is, a rod 

having a diameter of 2.85G* would be, theoretically, of the 

same strength as a rod having a slot in it for a cotter and 3^'' 

in diameter. Hence, the equivalent area is 2.856" X .7854 = 

6.41 sq. in. The area is less than in the first case, but the 

55 000 
value of 5( may now be taken as — ~ — = 5,500 lb. per sq. 
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in., and the safe load is 6.41 X 5,500 = 35,255 lb. Hence, the 
rod and cotter are, apparently, slightly stronger than the rod 
and nut. 

(1006) (a) Applying formula 240, 

d=2.2Qi/^^Xl.5=r. Ans. 
4,250 

/ = ll^ = ll X 3 = 4-i^ Ans. 

(6) Pressure per square inch of projected area = 

5,000 ^^^ ,, . 
fi = ^ , , = 370 lb. Ans. 
^ 3 X 4.5 

(1007) Applying formula 240, 

rf = / = 2. 26 V~^X 1 = 2. 45^ say 2^^ Ans. 

o,OUU <) 

(1008) See example in Art. 1975, and Table 46, Art. 
1978. 



^= 1.5|/ _1LM_ = 3.65', say 3^^ Ans. 
4.^2,000X750 8 

Whence, / = 3|^^ = C 55^ say G^\ Ana 

(1009) As in example 1008, 

^=1.5 / ^ ^-^^^ I = 1. 6', say l|^ Ans. 
4/8,500 X 275 8 

Whence, / = ,^'^^^^, = 3. 92", say 4^ Ans. 
* 1| X 275 "^ 

P 
(lOlO) Here, /= 2 ^. From formula 242, ^^= -^• 

Hence, 2dxd=2d' = ^^; or, ^= 1.846'', say 1-^^ 

7 o Ans 

Also, /= 2^/= 2 X 1^ = 3^'. Ans. 

8 4 

(101 1) Circumference of wheel = 2.75«; 

2.75 7r X 60 



8;K) machine design. 

rru J. 220,000 ^.. ,. 

Then, / = - T7pf~ = ^^ '^- P^r sq. in. 

Applying formula 241 , and getting 5/ from Table 46, 

^=1.5 1/ '^^'/^£= = 2. 97', say 3^ Ans. 

1/12.000x540 

The other dimensions may be obtained from Fig: 665 and 
formula 247. 

(1012) (a) Using formula 243 and Table 46, 



d=\.\:\ y\~ X 2. 5 = 2.09', say ^'. Ans. 

/ = 2. fl ^/ = 2. 5 X 2^ = 5^', say S^'. Ans. 
{h) Krom formula 242, 

' r i),«oo -.-,. . . 

^ '^- hi = U^Th " ^^^ ^^' "^^ ^- '°- '^*- 

(101 a) Using formula 260, 
d = .004 i//'iV = .004 \/'X5 X 3,000 = 1.1', say l^'. Ans. 

(1014) Using formula 249, 

//= .05 //'= .05 /V)00 r-, 4.74^ say 4|'. Ans. 

(lOlff) Applying formula 251, 

,/ : , |/7;« + --^-^ = 8.8% say 8^^ Ans. 

15rr X 4 ' "^ 4 

^ = .}K-^0 = .j(8i-C) = l|'. Ans. 

/= .8^'=.8 X l^' = l.r, say l\'. An& 

o o 

Taking s as 2 /, J = 2 X It/ = ^^i"' Ans. 

8 4 

(Sro Kig. G()8 for manner of representing the journal ) 
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« 

(1016) This shaft should be calculated with the help of 
Table 49. To determine Z, we have, from the table of 
Bending Moments, 

5= W^=10 X 5-^= isj tons. 

/ 8 4: 

The twisting moment T= PR= 63,025 X -rr in. -lb. (see 

formula 231) = 

63,025 H . ^ 63,025 300 .^ ,o ir. . 

X -Tr ft. -tons = r-7r:d^ ^ X -^ttt = 13. 13 ft. -tons. 



2,000 Xl2 N 2,000 X 12^ 60 

Then, Z =z -= = ' = 1.4, nearly. 

I lo. lo 

From Table 49, ^ = 1A61 for Z= 1.4. Hence (see 
Table 32, Art. 1416), 

d^ = d^ = 1.461 X 3.3 v5= 1.461 X 3.3|/^ = 8.25*. 

^ ^^ Ans. 

(1017) Applying formula 253, 



d=eS.5 t^pr-^^^r^r^ = 3.35^ 



90 
10 X 7,000 



Z=:^=.75. 

Prom Table 49, ^ = 1.209 for Z = .6, and 1.277 for Z- 
.8. Kence, 1.277-1.209 : 8-.6 = ,t : .75 -.6; or, .r = .051 

Therefore, forZ= .75, ^k = 1.209 + .051 = 1.26, and^»= 
1.26 X 3.35 = 4.22*, say 4^'. Ans. 

(1018) Use formula 266. In this case w = — . 

1 o 

Hence, rf= ^, y'l - m' ^ is/l ^ (^S - 12-8', say 12 ^'. 

Ans. 

(1019) Use formula 256. Here>« = -=.5. Hence, 

3// — i — 1 

d = lejV , = 17.ir, say 174'. Ans. 

* 1 — .0 o 

</, = 17^ -4- 2 = 8-^". Ans. 
o lb 



53S ir^rHjjia DESijG3t 

^ tftSn^ Tlie srideacfixomd beahiein (&airtiie jbiatbT 
referring zii Art. 20tlt^ and Fi^ ffTIL Tlie &ev^ 3127 be 
aripcrtioiied av- 5arninia ?^^ The HrmErnit ^loiilki nse his 
iw:i nid^mear r^^ariin^ any ^nrffTiHiims nm: j^^tw^^i 

5ar the drawing -if "irfs znnnim^ 
(1022) '^*^ ?nixi sarmrfa 200^ 

(i) Frotn fomnfa 259 and Table SO; 

(j) From fumitLla 200^9 

B = D — ^e/= II — i X i-^as = 1*1'. Ans. 

f^) C = D-r ^^^= II — -^25 X 2L«5 = 2il«, say 

I^' 

(/) r= =^ = = =:^,saj^. Ans. 

i 1 023) I^ang f orniTiIa 250, 

<f ^ .GM VT^^ = .004 1' 10Ox"®O = .98^ saj 1'. Ans 
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(QUESTIONS 1024-1083.) 



(1024) See Art. 2004. 

(1025) See Art. 2010. 

( 1 026) Radius of gear = 15' = 1^ ft. = R. From for 

mula 231, 

^ 63,025^7 63,025X20 ^^ ,, , 

^^-^i^R- = 120X15 = '^ ^^- ^^^*y- 

Prom formula 297 ^ 

c 9,600,000 9,600,000 o /w.^ lu 

5 = —2. 1 = 1 ! = 3,094 lb. per sq. m., 

V + 2,160 2.5 X ^ X 120 + 2,160 ' u y^ ^. , 

nearly. 

Hence, from formula 2669 

M,^ ^^ c P 16.8 X 700 ^ o 

Assuming that b = 2-C, * C= 2.5 C* = 3.8 sq. in., or C= 

/3 g 
r ^ = 1.2329'. Hence, number of teeth = 

1^ = 76 +. say 76. Ans. 

Circular pitch = — — — = 1.2401'. Ans. 

(1027) The velocity of a point on the pitch circle is 
2 

JT X 45- X 60 = 880 ft. per min., nearly. Hence, from for- 
o 

mula 267, 

For notice of copyright, see page immediately following the title page. 
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By formula 270, width of arm at center of wheel = 

Assuming the taper to be -77; on each side, the width of 

48 

arm at pitch line is 

8^ - (2 X ^ X 28) = 7^', nearly. Ans. 

Thickness of arm = i C = ^ X 4.511 = 2.255^ = 2x^ 

2 2 4 . 

Ans. 

Thickness of stiffening rib = .4 C= .4 x 4.511 = 1.804". 

Ans. 

(1028) By formula 275, 

P= e/= 280 X i = ^^. 

Radius of wheel = R = -^^-^ = 36^ 
Then, by formula 231, 

„ PEN 280 X 36 X 110 « ^c. tr d a 
^=63:025= 3X63,025 = S-^^^ H. P. Ans. 

(1029) See Art, 2049. 

(1030) («) By formula 282, 

^=-=-'. Ans. 

(^) By formula 283, w = 1.43 Z?' = 1.43 X 1* = 1.43 lb, 

Ans. 

(1031) By formula 291, 

P= 6,600^^* = 6,600 X 1.25' = 10,312.5 lb. Ans. 

(1032) See Art. 2005. 

(1033) The values of the different dimensions, as 
determined from the table of proportions in Art. 2014, 
are as follows: 
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^ := ,ij X 14 -r 1 = %^. f = l-» X 14 = MJ1 

^ =.^X 14 = !ip.J4% laj j^=rL^x 14=ai 



«A)r 11 A^ r, = 14^ 

f -A/. 14=8, 4^ toy ^^ / = .S^ X 14= U-e*, say Itf'. 

^ =r ,1 / 14 + ,5^25 = / = .15 X 144-175= t.4T5^ 

L*B»' wy 1}J^ say ^". 

A = ,1 X U -r 25 = 1,<55', Z' =,9x 14= 12.C. say 12f'- 

«iy IfJ'. « = 1,5 X 14 = 21'. 

^Sr' = ,08 X 14 = l,ir, wy r = ,25 X 14+ .375 = 3^^ 

li^ a^ = L45 X 14 = 20.r. say 
i = ,11 X U = L54^ »ay 20t^ 

IH'- «•= 1.47 X 14 = 20.58^, say 
/ =s 1'^ 20|'. 

>t =,5XU + L«5 = 8i^ W,= L75XU = 24*^ 

/ = f^ 4r = .1 X 14= 1.4'. say If. 

^ = ,175 X U + .3125 = jr = .3 X 14 + .75 = 4.95'. 

2,7625^ fay 2f'. say b". 

n ^MX U + .25 = 3i^ / = .2X 14 + .5 = 3.3',say 
n' =.rx U+.376 = L775^ 3^'. 

say If • £r = .09 X 14 = 1. 26^ say If. 

^ = l^ ^ = 2^'- 

The student may use his own judgment to supply any 
dimensions not given. 

(1034) See Art. 2023. 

1 
(1036) Number of teeth = ^'= 56 X Ij = 7a 

Circular pitch -C- ^^^^ = 2.5133'. 
Applying formula 272, 
9 r= .55 ifFHT = .55 +^70" X 2.5133 = 5.79, or 6 arms. Ans.' 

(1036) See Art. 2037. 

(1037) See Art. 2067. 
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S37 



(1038) See Art. 2066. 

(1039) See Art. 2074. 

(1040) See Arts. 2005 and 2000. 

(1041) SeeArt. 2022. 

(1042) The values of the diflferent dimensions, as de- 
termined from the table of proportions in Art. 201 19 are: 



« =3.25X3.5=111'. 
* = 1.75 X 3.5 = 6i^ 
^ = 3i^ 

^ = .5 X 3.5 = 1}'. 
/ = .4375X3.5 = 1.53125% 

say ltt^ 
^ = .09 X 3.5 = ,315% say 

A=.3125X3.5 = 1A^ 
i = ,25 X 3.5 = J'. 
j = .375 X 3.5 = 1^V^ 
k = 1.0625 X 3.5 = 3.72', 

say 3}'. 
/ = .875 X 3.5 = 3^'. 



n = 1.25 X 3.5 = 4f'. 

^=.625 X 3.5 = 2^'. 

r=.25 X 3.5 = J'. 

^ = .1875 X 3.5 = |i', say 

/ =.65X3.5 = 2.275', say 

«=.75x3.5 = 2f". 

V = 1.375 X 3.5 = 4||', say 

;r=.25 X 3.5 = J^ 
^^ = ,5X3.5=11'. 
z = .0625 X 3. 5 = ^', say i". 



«=1.75 X 3.5 = 6^'. 

(1043) See Arts. 2020 and 201 8. 

(1044) Applying formula 208, 

* = 4^-^ = ^'^^ ^^ = 2.148', say 2g^'. Ans. 

(1045) Applying formula 274, 

,^ ^-^A _ 4 X. 5236 _ go gov Ans 
^ - iV^A + ^ " 4 X .5236 + li " *' 

(1040) See Art. 2038. 
(1047) Applying formula 276, 
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*; :> H ?. y. :* y i, = ^.i^. ii h ? 



/ ' * r> >i - 5 '^^ ^ -" — 2.» X 9.45 = 4,511 lb. 

( I Oft:*; H-/: A rt. 2CX70, 

« , I r^f^/^- . 13 V'S/»> = 2.31, say 2. 



^ ,01 jr,/ ^' . : . Mir^i/^^ = .7237', say i'. 

^/' l,!4 // -: 1.2 /. 'f = .0', say ^'. 

Hi'tniiitnti^ 'liniriinionH arc the same as those calculated 
In AH X070. 
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(1064) The values of the dimensions given in the 
table of proportions in Art. 2019 are: 

^ = 3 X 2.5 = 7i^ /« = .125 X 2.5 = ^'. 

b ^l,bX 2.5 = 18^. n = .25X 2.5 = f. 

c =5.375 X 2.5 = 1333y^ ^ = .1875 X 2.5 = i|^ say ^^ 

^ = 3 X 2.5 = 7J^ / = .375 X 2.5 = 4^ say W 

/= 1.75 X 2.5 = 4f^ ^ = .625 X 2.5 = lyV- 

^ = 1.5 X 2.5 = 3i^ r = 1.25 X 2.5 = 3^". 

// =2.125 X 2.5 = 5^^ J = .25 X 2.5 + .5 = li^ 

i = Aex2.5=:A%saiyr^'. z; = 1.125 X 2.5 + .1875 = 3^ 

J = .25 X 2.5 =1'. wz= 1.5 X 2.5 = 3|". 

^ = 1.875 X 2.5 = 4H^ J^ = .0625 X 2.5 = ^/. 

I = 1.125 X 2.5 = 2||^ ^ = 2.5 - .0625 = 2^^ 

For the other dimensions necessary to draw the bracket, 
see Fig. 697. 

(1055) Using formula 271, 

a = 1.75f|I^ = 4. 15', say ^' . Ans. 

2^ = 2-><%=V- ^"^- 

(1056) (a) The diameter of the wire composing the 
rope is, by formula 282, 

9 9 12 
The weight of the rope per foot is, by formula 283, 

w = 1.43 D' = 1.43 X (-X = .8044 lb. 
Stress due to bending is, by formula 287, 

" TT^ 13 >^ 12 ~ 1-^355 lb. per sq. m. 

Stress due to centrifugal force is, by formula 288, 
^ , 4 X. 8044 X (^-^7 

•^°=;r7^= 3.i4i6x(Arx42x32.i6 = ^^^ ^^- P"-^ ^'i- "^ 
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Hence, S, = S - (5» + 5,) = 25,000 - (13.355 + 758) = 

10,887 lb. per sq. in. 

T^ = maximum tension on driving side = 

jd'nS, = ^X (jS X 42 X 10,887 = 2,494 lb. 

T; = i r, = 2,494 X .5 = 1,247 lb. 

P= driving force = T, - T, = 2,494 - 1,247 = 1,247 lb. 

„ r, PV 1,247 X 5,000 „-„ ^ 

Horsepower = // = ^^^ = 33^00 = 189 H. P. 

{b) The greatest deflection will, of course, be on the 
driven, or slack, side. Hence, applying formula ZSS^ 

2w ^ ^w" 2 2X .8044 ^ 4 X .8044* 2 
14. 7 ft. Ans. 

(1057) Circular pitch = C = ^= ^^-^^ = .7854'. 
Applying formula 272, 

^ = .55^84' X .7854 =4.74+, say 5 arms. Ans. 

(1058) Using formula 277, 

^ = y = y — = 2.8 , say 2^: . Ans. 

« 4 8 

Assuming the taper to be — on each side, the taper 

for both sides will be 77: X 2 = r^. The width of the arm at 

48 24 

rim will be 

2^ - (~ X 11) = 2.417", say 2|'. Ans. 

7 1 7 
Thickness at center = 2- X ^r = Itt;"- Ans. 

o 2 lo 

3 1 3 

Thickness at rim = 2- X jr = It^". Ans. 

O /i lo 

(1069) Using formula 279, 

S' = 4-' = ^^^4^ = 2.406 sq. in. 
4 4 
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Net section of one bolt = 2.406 -r- 6 = .401 sq. in. 

7 
Hence, according to Table 43, — ' in. bolts will be used. 

Ans. 

(1060) (1) The dimensions as taken from Table 52, 
are; 

(2) From the table of proportions in Art. 2O2I9 

^/=3^ 
^j: = 2 X 3 = 6'. y = .4 X 3 = 1.2', say li^ 

* = 1.5 X 3 = 4J^ >& = .3X3=.9^ say H' or V. 

^r = .25 X 3 + .375 = li^ / = .15x3=.45^sayi|'ori^ 
e = 1.25 X 3 = 3}^ w = 1.5 X 3 = 4^'. 

/= .2x3+.125=.725,say}'. n = .2x3+.25=.85^ say y. 
^= 1.75 X 3 = 5i^ ^ = .15 X 3 = .45^ say i'. 

A =1.4X3 = 4.2% say 4i^ 

(3) The various dimensions are readily obtained from 
Pig. 735. 

(4) The dimensions, as obtained from Table 54, are : 

^ = 12^ * = .79'; ^ = J'; d=3j'] n=^W; e=l\';/=: 

16i^and^=19^ 

( 1 061 ) Applying formula 280, 

w = .3Z>' = .3 X (l|) = .91875 lb. per ft. 
Hence, total weight = 875 X .91875 = 803.9 lb. Ans. 

( 1 062) (a) Using formula 28 1 , 

3,800 /3y 

//-^^/sm ^ \ 60 ""V 4; / 3,800- \ 

^-"825 r^- 107:2;- 825 r^^-60'Xl07.2J- 

38.223 H. P. Ans. 

{d) Referring to the diagram, Fig. 723, the horsepower 
appears to be about 38 H. P. Ans. 
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(1063) Applying the method described in Art. 2063, 
and assuming that -^ = 850, we proceed as follows : 

mu A • ' c i:> 33,000 H 33,000 X 125 

The driving force = /* = — *- = — ^ ; = 842 

^ V 4,900 

lb., nearly. 

Then, T^ = 842 X 2 = 1,684 lb. 

Stress due to bending is 

e E, d 25,000,000 , , ^^^ ,.. 
-^^=2^= 2X850 = H706 lb. per sq. m. 

Hence, 5, = 25,000 - 14,706 = 10,294. 

T 1 
Cross-section of wires = -^ = -- tt rf* «, or 

^t 4 

^ rznS, ^ « X 42 X 10,294 "'"*• 
The diameter of the rope is, by formula 282, 

Z? = 9 dr= 9 X .0704 = .6336, say |'. 

A recalculation taking into account the stress due to cen- 
trifugal force will not appreciably affect the result ; hence, 

5 
the diameter of the rope is —". Ans. (c) 

o 

{a) Diameter of wires is, then, 

^ ~ 9 = . 625 -T- 9 = .0694'. Ans. 

o - 

(b) Radius of pulley = .0694 X 850 = 58.99', say 59'. 

Diameter of pulley = 59X2 = 118' = 9 ft. 10', say 10ft 

Ans. 



MACHINE DESIGN 

(QUESTIONS 1064-1078.) 



(1064) {a) See Art. 2076. 

(*) 100 - 8 = 92^. See Art. 2076. 

(1065) The values of the various dimensions, as deter- 
mined from the table of proportions in Art. 2111) are as 
follows: 

i? = 8^ 

a = 2Xl|=2|'. 
* = 1.5Xl| = 2l'. 

.= .75 X if' = 4'. 
/=.2X8=1.6', say l|'. 

^ = 1:^= 1.1875' = ll'. 

. _ . /lOO X 8' X ■ 7854 X 6 
~^ 16.5X36 

« = .26 X 8 + .5' = 2.58', say 2:^'. 
i& = .075x 8 = .6', say |^ 



= 7.125'' = 7? 



• 7.1/c5 .- 3- 

/=___„ 4', say g'. 



For notice of copyright, see page immediately following the title page. 
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3, 
.« = -. 



13, 
"=16- 
o must be greater than a-^- h — ^d^ see wrist-pin end 

of connecting-rod in Fig. 760. But ^? = .75 X .2 X 

8 + .125 = 1.325', say 1^^', and 

j^^ .5Xrx(.155x8+.0625)' 

4 fl. 3 X (. 155 X 8+. 0625) - . 25^ 2. 5 X ^(. 155 X 8+. 0625)'! 

= .53', say l^'. Then .; = l^ + l|-l-xl| + l (assumed) 

= 1^' 

. ,3 11^ 
/ = .0Xl3=p^'. 

^=.75 X 1^ = 32 » sayl'. 

The student may use his own judgment to supply any 
dimensions not given. 

(1066) See Art. 2076. 

(1067) Using formula 303, and substituting values 
given, 

d= .0091 V77r^= .0091 i/120 X 9 X 16 = 1.2', say 1^'. 

Ans. 

(1068) The values of the various dimensions, as ob- 
tained from the table of proportions in Art. 2093, are as 
follows: Z> = 20'. 

^ = 3'. 
tf = .18 4/2 X 20 - .1875' = .9509', say 1'. 

* = .45 X 1' = .45', say^'. 

21 
c =.65 XI' = .65', say—'. 

rf' = 2 X 3 = 6'. 

.06X20 „, 5, 

e= J =.3,say-^. 
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1 7 
^ ^ 8 8 • 

^ -^^8 16 • 
*=.2X 20+1.5 = si-'. 

^ 8 8 • 
^^ 1.4x20 ^y, 

4 
» = .08 (20 + 34) = 4.3^, say 4. 

The student may use his own judgment to supply any 
dimensions not given. 

(1069) See Art. 2083. 160 ft. per sec. Ans. 

(1070) Using formula 303, and substituting the 
values given, 

d = .01 VfTB = .01 i/100 X 6 X 8 J = .7', say |'. Ans. 

(1071) SeeArt. 2083. 

(1072) (a) By formula 300, 

^/= .0118 X 12 VlOO = 1.416^ say 1^'. Ans. 
{b) By formula 301 , 
//= .038 f 12" X 32* X 100 = 2.355^ say 2|^ Ans. 

o 

(^r) By Art. 21 03, 

, 4 ^ 4 X 12 ^ ^^g A6g . 

^=25^ = -25-=^-^^''^yV- ^^'- 

In formula 300, the assumption is made that the rod is 
subjected to tension and compression only. In deriving 
formula 301 j the rod is treated as though it were a long 
column. In the formula given in Art. 2103, the length of 
the rod is assumed to be twice the cylinder diameter, and 
the steam pressure is assumed to be 80 lb. per sq. in. , neither 
of which is true in this case. The value obtained by formula 
301 would be used in practice. 
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(1073) See Art. 2081. Take the initial pressure as 
.92 of the boiler pressure, or as 100 X .92 = 92 lb. per sq. in., 

gauge, and 92 -|- 14.7 = 106.7 lb. per sq. in., absolute. 

22 
By formula 292, the real cut-off = k- >>2 4- 106 7 =-^''^'- 

By formula 293, A = ^^^'•'^+^^ = 61.35 lb. per sq. in. = 

hi 

absolute pressure at end of compression. Now draw the 
theoretical indicator diagram, as shown in Fig. 96. Assume 




Fig. 96. 

any convenient length (we have made the length 3'), also 
any convenient scale of pressures* (we have assumed 40 
lb. = I''), and then draw the diagram as described in Art. 
2081* Taking the clearance as 8^, the actual distance 
of the clearance line from the admission line = 3 X .08 = 
.24'', as shown. The point gf cut-off will, therefore, be 
3.24 X .171 = .554'', say 55, from the clearance line. Since 



* Note. — The student must use a different length of diagram, and 
a different scale of pressures, from that used here. We suggest that 
he use 4' for the length of his diagram, and 48 lb. = 1 in. or 50 lb. = 1 
in., for his scale of pressures. 
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the engine is non-condensing, the back pressure Hne is 

taken 17 lb. above the vacuum line. The apparent cut-off = 

.55 - .24 ^ 1 , 
3 = -^ = 10' ^^^y nearly. 

If the diagram has been correctly drawn, the M. E. P. 
ought to be 26 lb. per sq. in. Assuming that the actual 
M. E. P. is but .85 of the theoretical M. E. P. just found, 
the actual M. E. P. may be taken as 26 X .85 = 22.1, say 22 
lb. per sq. in. Then, area of cylinder 

. 33,000 X 200 ^.. 
-^= 22 X 600 - = ^'^ ^^' ^^- 



= /^^^ 



and diameter = V ^^^, = 25.23^ 

.7854 



To avoid fractions, take the diameter as 25^. Then, the 
area of the piston will be 25'' X .7854 = 490.875 sq. in., and 
, . ^ , 33,000 X 200 ^,, - 

the piston speed, 22x490.875 "^ ^^^ ^^^' 

Taking the stroke as 30^^, the revolutions per minute will 

be ^1^4;!^= 122.2 R. P. M. 
2 X 30 

Hence, we have for our data the following: 
Size of engine, 25^^ X 30^ 
Initial pressure, 92 lb., gauge. 
Back pressure, 2.3 lb., gauge. 
Pressure at end of compression, 46.65 lb., gauge. 

Apparent cut-off, — . )- Ans 

Mean effective pressure, 22 lb. 
Revolutions per minute, 122.2. 
Piston speed, 611 ft. per min. 
Clearance, 8^. 

(1074) Applying formula 296 (see Art. 2088), 

^= . 34 Z> + 2^' = . 34 X 30 + 2^" = 12. 7^ say 12-f *. Ans. 

2 2 4 

(1075) (a) By formula 300, 

^ =. 0167 Z>i/^=. 0167 X 384/100 = 6. 346^ say 6^\ An& 

o 

C. Vol. VI.— 23. 



lift \r ^ i^^-^ "^^ !^ "FS 



In 
Arryf 

i—'^ — — — i^\ 3st7 4— ^ Aas. 

ra 3i:«eni:* :c 1117 r-imcr tara jx ris^arri r^i the engine^ 
the r^oit .Qcsined ly r'.rm.nia 31^1 itu^trc tii be rairfn, for 
rhe r^2»ia "nar nUir^ ir^niiirioiis ar^ 'nrinffpif in. tiie deriva- 
cioa at trie fGrnmia. 

riar«' See Art. 2<jrr»L 

f iarr» 5ee Art. 208QL 

i lOfTS' Tlie Titles :c tie TariiJiis (fimensaHiSy as ob- 
tained fr:iiL trie table :t prtccrtioiis, in Art. ZOBOy are as 
folic ws: 

5 = .5-> -- -i = tH'. 
</ = ..5 * i-t=li'. 

^ = I- 75 y It = 11'. 

5, 



^r = .045 y Lz — .•:'«f^5 = .•5i}^% ^ 

^' = . tJ5 X 14 = -:. n*', sj «5|' 

/= .375 X 1:7 = ^\ say i^'- 

^ = (by constnction; ITj'- 

>i = 1.35 X ef = !:^lllo, say 9|'- 

4 o 

i = 1.125 X 12 = 13^'. 

2 

3 

/ == .26 X 24 -t- .5 = 6.74', say 67-'. 

4 



DYNAMOS AND MOTORS, 

(QUESTIONS 1079-1138.) 



(1079) The end b\ because in looking at that end the 
current circulates around the helix in an opposite direction 
to the hands of a watch. (Art. 2160.) 

(1080) (a) Negative. (Art, 2138-) 
{b) Negative. (Art. 2138.) 

{c) Positive. (Art, 2138.) 

E 

(1081) By fornxula 311, ^= Td» where C is the cur- 
rent in amperes flowing in a closed circuit, E is the total 
generated E. M. F. in volts, and R is the total resistance in 
ohms of the circuit. In this example, -£ = 20 volts and 

72 = 30 + 80 = 110 ohms; hence, C= -^ = ■:^=.1818 

K 110 

ampere. Ans. 

(1082) Let A represent the first branch and B the 
second; then, r^ = 16.2 ohms, r, = 14.1 ohms, and C= 6.37 
amperes. 

The current c^, in branch A, is found by using formula 

315; substitutmg, givesr, = ^ ^ ]. = JqY+uT 

amperes. Ans. 

The current r,, in branch B, is found by using formula 
316; substituting, gives 

Cr^ 6.37 X 16.2 ^ ,^^^ . 

r, = — r-^ = -. ,. ^ . -. , -. = 3.4057 amperes. Ans. 
• ^,+ ^9 16.2 + 14.1 

(1083) From formula 328, W^= H. P. x 746, where 
H. P. is the horsepower and W is the power in watts. In 
this example, H. P. =2.33 horsepower; hence, W =H. P. 
X 746 = 2.33 X 746 = 1,738.18 watts. Ans. 

For notice of copyright, see page immediately following the title page. 
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(1084) (a) From Art. 2195 and formula 311, 

E' 
C = -757, where C is the current in amperes, E ' is the 
i\ 

difference of potential in volts between two points, and H' 

is the resistance in ohms between them. In this example, 

E' 58 4 
E' = 5SA volts, and R' = 2.3 ohms; hence, C= -^ = -^r^ = 

25.3913 amperes. Ans. 

E* 
(d) From formula 326, JV= -^, where IV is the power 

in watts, E is the E. M. F., or difference of potential in 

volts, and R is the resistance in ohms. In this example, 

£ = 58.4 volts and R = 2.3 ohms; hence, 

„. E' 58.4' 3,410.56 , .^^ ^^^^ ^^ . 
W = -^ = -^^ = -^-^-5 — = 1,482.852^1 watts. Ans. 

w 

Ic) By formula 327, H. P. = —-:- ; by formula 326, 

746 

E^ E* 

W= -75-; therefore (see Art. 2212), H. P.= „.^ p , where 

K 746 K 

H. P. is the horsepower, E the E. M. F., or difference of 
potential in volts, and R the resistance in ohms. 

Hence, H. P. = ' = '.^.^ = 1.9877 horsepower. 

74b X Z.d 1,715.8 j^^^ 

(1085) Platinum, as it follows zinc in the list (Art. 
2144). 

(1086) Towards the east (Art. 2157). 

(1087) By formula 313, E = C R, where E is the 
total E. M. F. in volts developed in a closed circuit, C is the 
current in amperes flowing, and R is the total resistance in 
ohms of the circuit. In this example, C= .75 ampere, and 
/^= 17.2 + 8.2 + 11.3 = 36.7 ohms; hence, E=C R = .75 
X3G.7 = 27.525 volts, the total E. M. F. developed in the 
battery. 

By derivation from formula 313, E' = C R\ where E' is 
the difference of potential in volts between two points, C is 



DYNAMOS AND MOTORS. 351 

the current in amperes flowing, and R' is the resistance in 
ohms between the two points. 

Between c and b, 7^' = 8.2 ohms, and C = .16 ampere; 
hence, £' = CR' = ,75 X 8.2 = 6.15 volts. Ans. 

Between d and a, 7^' = 11.3 ohms, and C= .75 ampere; 
hence, E' = CR' = .7dX 11.3 = 8.475 volts. Ans. 

Between a and c, the difference of potential is the difference 
of potential between a and b plus that between b and r, 
which is 8.475 + 6.15 = 14.625 volts. Or, since the differ- 
ence of potential between a and c is the available E. M. F. 
of the battery, when a current of . 75 ampere is flowing, it can 
be calculated by using formula 314, ^' = -£"— C r^, where 
E' is the available E. M. F., ^ is the total E. M. F. 
developed in the battery, C is the current flowing, and r, is 
the internal resistance of the battery. In this case, E 
= 27.525 volts, C= .75 ampere, and r^ = 17.2 ohms; hence, 
£' = £-'Cr, = 27.525 - (.75 X 17.2) = 14.625 volts. Ans. 

(1088) The sectional area of a wire .2 in. in diameter 
is .7854 X .2 X .2 = .031416 sq. in. or, nearly, .0314 sq. in. 

Reduce the specific resistance in microhms to the resist- 
ance in ohms by dividing by 1,000,000 (Art. 2175), which 

5921 
gives ' = .0000005921 ohm; or, in other words, the 

resistance of a piece of silver one inch long, and whose sec- 
tional area is one square inch, is .0000005921 ohm. Next, 
from this resistance and length calculate the resistance of 
1,000 feet of the silver with a sectional area of 1 sq. in. by 

r I 
using formula 306, r, = — 7-^, where r, is the original resist- 

ance, r, is the resistance after the length of the conductor 
is changed, l^ is the original length of the conductor, and 
/, is the changed length. In this example, r, = .0000005921 
ohm, /, = 1 inch, and /, = 1,000 feet, or 12,000 inches 

Hence, by substituting, r, = -^ = .0000005921 X iM22 = 

.0071052 ohm; that is, the resistance of 1,000 feet of silver 
having a sectional area of 1 sq. in. is .0071052 ohm. From 
this result calculate the resistance of 1,000 feet of the 
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* 1 lOl 2;: : .rni'JL.a. 31 2L -^ = ^. Triere R, is the total 

.eiiai:;i-:r^ : - -.rizL-i :f i ij-.r^ei iinuiz. ^ is lie total E. \L F. 
. . v.j*! 'i«*'/*icced :-. -he ::rc'j:it. ir.d C is tie current in 
H.^f^^.x^ ^>wir.^ IT. tie circuit. la tiis example, £"= 22.4 
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E 22.4 
volts, and C = AZ ampere; hence, 7? = ^ = —^ = 52.093 

ohms, the total resistance of the circuit. Since the total 
resistance of a closed circuit is equal to the sum of the exter- 
nal and internal resistances, the external resistance must be 
the difference between the total resistance and the internal 
resistance. Hence, the external resistance = 52.093—13.4 = 
38.603 ohms. Ans. 

(1102) By transposition of terms in formula 319, 

C = ^, where C is the current in amperes, Q is the quantity 

of electricity in cpulombs, and / is the time in seconds. In 
this example, Q = 368,422 coulombs, and / = 4.5 x 60 x 60 = 

C) ^fi8 422 
16,200 seconds; hence, {7= ^ = •— \ = 22.7421 amperes. 

Ans. 

(1103) By formula 321,/= C' 7? /, where / is the 
work done in joules, C is the current in amperes, R is the 
resistance in ohms, and / is the time in seconds. In this 
example, C = 2.4 amperes, R = 45 ohms, and / = 3,000 sec- 
onds. Then the electrical work done = 2.4 x 2.4 x 45 
X 3,000 = 777,600 joules. By formula 323, the mechanical 
work done = F. P. = .7373/ = .7373 X 777.600 = 573,324.48 
foot-pounds. Ans. 

W 

( 1 104) By formula 327, H, P. = ~ ; by formula 324, 

E C 
W= CE; therefore (see Art. 2212), H. P. = — — , where 

740 

H. P. is the horsepower, E is the E. M. F. in volts, and C is 

the current in amperes. In this example, E = 525 volts, and 

C •= 12.5 amperes; hence, 

H. P. = |-^= ^?£-^-l^ = 8.7969 horsepower. Ans. 

(1105) (a) By formula 325, IV= C'R, where H^ is the 
power in watts, C is the current in amperes, and R is the 
resistance in ohms. In this example, C = 110 amperes, and 
R= 4. 2 ohms; hence, W= C^R = 110*X 4.2= 50,820 watta 
Ans. 
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*'^ ^^-«*r v> tr.f^ jincti'-c -A tbe jpper balance arm. and the 
»; r, >f .". o'v r. r'^ii:i^ar.c/t. 

/'I liYJ ) B/ fornii'a 300^ the changed resistance for 




y'A 



'AtVA^Af>x\ \n \fzr.;(ih, r, = -^, where r^ is the original 

r<'^';iNt;in^^!, / in the orij^mal length, and /^ is the changed 
if-u^ffh. fn thj=i ^as/:, r, = 1 ohm, /, = 1,000 feet, and /^ = 

1X2 000 

%,(Hfif ftfzi, Th^:n, thf; changed resistance r, = — ^^ = 2 

ohrrit; Thf* nnxi opf:ration is to determine the resistance of 
f h^ Win^ whnn hn WTf.lional area is changed A round wire 
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.1' in diameter has a sectional area of .1' X .7854 =.007854 
sq. in., and a square wire .1* on a side has a sectional area 

T CI 

of .1 X .1 = .01 sq. in. By formula 307, r^ = -'— i, where 

r^ is the original resistance of a conductor, r, is the resist- 
ance after its sectional area is changed, a^ is the original 
sectional area, and a^ is the changed sectional area. At 
this stage of the example, r^ = 2 ohms, a^ = .007854 sq. in., 

A ni • TJ ^^. 2 X .007854 . ^r,nQ 

and ^, = .01 sq. in. Hence, r, = -^—^ = — = 1. 5708 

ohms. Ans. 

(1108) By formula 327, H. P. = ^, where H. R is 
the horsepower, and W is the power in watts. In this 
example, W= 54,200 watts; hence, H. P. = --- = ' — = 
72.6541 horsepower. Ans. 

(1 109) The sectional area of a round column .04 in. in 
diameter is .04* X .7854 = .00125664 sq. in., or .001257 sq. 
in., nearly. 

Reduce the specific resistance in microhms to the resist- 
ance in ohms by dividing by 1,000,000, Art. 2175, which 

37 15 
gives ' = .00003715 ohm; or, in other words, the 

resistance of a quantity of mercury 1 in. long, and whose 

sectional area is 1 sq. in., is .00003715 ohm. Next, from this 

resistance and length, calculate the resistance of a column 

of mercury 72.3'' high, with a sectional area of 1 sq. in. by 

r I 
using formula 306, r^ = -y-^, where r^ is the original 

resistance of a conductor, r, is the resistance after its 

length has been changed, /, is its original length, and 

/, is its changed length. In this example, r^ = .00003715 

r I 
ohm, /j = 1\ and /, = 72.3 inches. Hence, r, =~V^ = 

.00003715X72.3 ^ .002685945, or .002686 ohm, nearly; or, 
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in other words, the resistance of a column of mercury 
72.3' high, having a sectional area of 1 sq. in. is .002686 
ohm. From this result calculate the resistance of the 
column when its sectional area is .001257 sq. in., by using 

formula 307^ r, = — — \ where r, is the original resistance, 

r, is the resistance after the sectional area has been 
changed, </, is the original sectional area, and a^ is the 
changed sectional area. At this stage of the example, 
f J = .002686 ohm, ^7, = 1 sq. in., and rt:, = .001257 sq. in. 
Hence, 

r^,^ -OOyf^Xi = 2. 13(58 ohms. Ans. 
* ^7, .IK) 1257 

E 

(1110) By formula 311, ^=^» where C is the 

current in amperes flowing in a closed circuit, E is the total 

E, M, F, in volts generated, and R is the total resistance 

in ohms of the circuit. Since the total resistance of 

a closed circuit is the sum of the external and internal 

circuits, A' = ;>3 + 30 = 63 ohms, and ^=45 volts; hence, 

F 45 
C = .V = -,\ = .7143 ampere. Ans. 
A 63 

(1111) In Fig. 28, question No. 1111, the reading of 
the voltmeter gives the total E. M. F. of the battery. 
Hence, after the connections are made, as shown in Fig, 
20, question No. 1111, there is a closed circuit in which 
the total E. M. F. developed is 24.4 volts, and through 
which a current of .8 ampere is flowing. By formula 312, 

A= ., where A! is the total resistance in ohms of a closed 

circuit, /: is the total E. M. F. in volts developed, and C is 

the current in amperes flowing. In this example, E = 24.4 

E 24.4 
volts, and C= ,S ampere ; hence, R= — = — I- = 30. 5 ohms, 

the total resistance of the circuit. 

From the reading of the voltmeter, after the connections 
are made as shown in Fig. 20. it will be seen that when a 
current of .8 ampere flows through the external resistance 
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from b to a^ through R^ there is a drop or loss of potential 

of 18 volts. By formula 312, R = -r^ , where R' is the 

resistance of a conductor, E' is the drop or loss of potential 
in that conductor, and C is the current in amperes flow- 
ing through it. In this case, ^' = 18 volts, and C=.8 

P t -j Q 

ampere; hence, 7?' = -^ = — = 22.5 ohms, the resistance of 

C . 8 

the external circuit from b to a, through the resistance R, 

Ans. 
Since the total resistance of a closed circuit is the sum of 
the external and internal resistances, Art. 219I9 the inter- 
nal resistance must be the difference between the total and 
external resistances. Hence, 30. 5 — 22.5 = 8 ohms, the in- 
ternal resistance of the battery B, Ans. 

(1112) By formula 324, JF= C E, where W is the 
power in watts, E is the E. M. F., or difference of potential 
in volts, and C is the current in amperes. In this example, 
£"= 510 volts, and C— 24. 3 amperes; hence, W= 510 X24.3 
= 12,393 watts. Ans. 

(1113) Referring to Art. 2187, the total E. M. F. 
developed by connecting several cells in series is equal to the 
E. M. F. of one cell multiplied by the number of cells ; hence, 
the E. M. F. of one of the groups of 6 "cells is 6 X 1.5 = 9 
volts. In the safne article it is stated that connecting cells 
in multiple, or parallel, does not change the E. M. F. between 
the main conductors. In this case each group of six cells 
can be considered as one large cell developing an E. M. F. of 
9 volts, and, consequently, the E, M, F. of the four groups 
connected in multiple, or parallel, is 9 volts, which would be 
the E. M. F. indicated by a voltmeter, connected to the main 
conductors Cand C\ as shown in Fig. 30, question No. 1113. 

Ans. 

W 

(1114) By formula 327, H. P. z=-^; by formula 

324, W^ CE; therefore (see Art. 2212), H. P, =^, 
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where H. P. is the horsepower, E is the E. M. P. in volts, 

and C is the current in amperes. In this example, E — 

EC 
250 volts, and C=G5.7 amperes; hence, H. P- = "77^ ^^ 

=777; — '— = * ^ = 22.0174 horsepower. Ans. 

746 746 ^ 

(1115) In Art. 2157 it is stated that when a compass 
is placed under a conductor in which an electric current is 
flowing from the south to the north, the north pole of the 
compass needle tends to point towards the west, and if 
the direction of the current in the conductor is reversed, the 
north pole will point towards the east. Since, in this example, 
the north pole of the needle tends to point towards the east, 
the current must be flowing yr^;^ the north to the south. 

(1116) End a\ since (Art.'2160), in looking at the 
face of the end a^ the current circulates around the core in 
the same direction as the movement of the hands of a watch. 

(1117) Attract one another; since (Art. 2138), a 
positive charge is developed upon the ivory when rubbed with 
silk, and a negative charge upon sealing-wax when rubbed 
with fur; and from Art. 2137, electrified bodies with 
dissimilar charges are mutually attractive. 

(1118) The exposed end of the iron; since, from Art. 
2144, the iron forms the positive element of the cell, and, 
from Art. 2143, the pole, or electrode, attached to the ex- 
posed end of a voltaic element is always of opposite sign to 
the element itself. 

(1119) From Art. 2152, iron and its alloys, nickel, 
cobalt, manganese, oxygen, cerium, and chromium. 

(11 20) Towards the south pole, since, from Art. 2151, 
unlike poles attract one another. 

(1121) Towards the north pole, since, from Art. 21 51 , 
unlike poles attract one another. 

(1122) From the north /^ the south, since, from Art. 
2157, the north pole of a compass needle tends to point to- 
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wards the east when the compass is placed over a conductor 
in which the current is flowing from the south to the north ; 
and, by reversing the direction of the current in the con- 
ductor, the north pole of the needle tends to point towards 
the west, and the south pole towards the east. 

(1123) The current should enter the wire at end b\ 
since (Art. 21 60), in looking at the face of the south pole 
of the magnet, the current should circulate around the core 
in the direction of motion of the hands of a watch. 

r I 

(1124) By formula 306, r, = -^, where r. is the 

original resistance of a conductor, r, is the resistance after 

its length has been changed, /, is the original length, and /, 

is its changed length. In this example, r, = 100.8 ohms, 

/, = (112 X 12) + 6 = 1,350 inches, /, = 11.7 inches. Hence, 

r,/, 100.8x11.7 o^^_ , . 

r. = -V^ = , .^^^ = .8736 ohm. Ans. 

/, l,ooO 

r D* 

(1125) By formula 308, r^ = ' , , where r^ is the 

original resistance of a round conductor, r, is the resistance 

after its diameter has been changed, D is its original 

diameter, and d is its changed diameter. In this example, 

r^ = 86.5 ohms, D= .1 inch, and ^f = .02 inch; hence, r , = 

r, D^ _ 86.5 X .r _ 86.5 X .01 _ 

-^- ^. - o()()^ -2,10^.5 ohms. Ans. 

(1 126) By formula 309, r, = r, (1 + / k), where r^ is 
the original resistance of a conductor, r, is the resistance 
after its temperature has risen, k is the temperature 
coefficient, and t is the number of degrees rise Fahrenheit. 
In this example, r^ = 91.8 ohms, / = 72 — 45 = 27 degrees, 
and k = .000244, from Table 60. Hence, r, = r, (1 + / >^) = 
91.8 (1 + 27 X .000244) = 91.8 X 1.006588 = 92.4048 ohms. 
Ans. 

(1 127) By formula 310, r, = fX7^» where r, is the 

original resistance of a conductor, r, is the resistance 
after its temperature has fallen, / is the number of degrees 
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fall FaiirerLheii, and i is zz*t icniorrrai-are cjelficient of the 
rnaterial. In zz::^ eiample. r = .144 ohm. r = ^7 — 41 = 
4^> degrees Fahreziieii, ar.i e = .«>»^l.>S, from Table «>A 
Hence, 

'', = -1 '■ — - = r rz ^, ,, = 7-^ — r-r = - 131 ohm. 

^ 1 — ^ C I — 4^; *' ."•••iloo l.Kr,*'.n:y 

Ans. 

(11 2S) Firsr reiu :e the ^petzinc resistance in microhms 

t'j the resL5tari.ce in oarns bv dividing by lj»>,«»X Art. 

3. 5*>-> 
2175* which zives -— = j.mj» *j:3-y>5 ohm: or, in 

other words, the resistance of a bl»jck of platinum one 
inch long, and whose sectional area is one square inch, is 
.•».*»35^>5 ohm. Next, from this resistance and length, 
calculate the resistance of 1"2»> feet of platinum with a 

sectional area of 1 sq. in., by using formula 3O69 r, = — y-^, 

where r. is the original resistance of a conductor, r, is the 

re>i>tance after its length has been changed, /^ is the 

original length of the conductor, and /, is its changed 

length. In this example, r^ = . riO»]>0< J3565 ohm, /^ = 1 inch, 

and /, = r2»> X V2 — l.oVl inches. Hence, 

r / .rM>H»3565 X 1,512 . ,.^^ . ^^^ ^ 
r, = -y^ = = .♦A>539<r280 ohm; 

that is, the resistance of 126 feet of platinum ha vinga sectional 
area of 1 sq. in. is .♦Xj53y ohm, nearly. From this result cal- 
culate the resistance of 1*26 feet of platinum when its sectional 
area = .1' x .Ts54 = .<X>T854 sq. in., by using formula 307, 

r = - — ', where r. is the oris^inal resistance of a conductor, 

r is the resistance after its sectional area is changed, a^ is 
its original sectional area, and a^ is its changed sectional 
area. At this stage of the example, r, = .00539 ohm, a^ = 

..^ -. TT .00539X1 

1 sq. m., ^, = .00i8o4 sq. in. Hence, r, = 007354 ^ 

.0803 ohm. Ans. 

(1129) From Art. 2184, the fundamental equation 

^ the Wheatstone's bridge is X=^ x Py where X is the 
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unknown resistance, M is the resistance of the upper bal- 
ance arm, N is the resistance of the lower balance arm, and 
Pis the resistance of the adjustable arm. It will be seen 
from the connections of the battery and galvanometer 
circuits in the diagram that the coils lying between c and a 
form the upper balance arm of the bridge, and, hence, in 
this example, Af =\ ohm; the coils between a and d form 
the lower balance arm, and, hence, N = 100 ohms ; the coils 
between^ and b form the adjustable arm, and, hence, P = 
500 + 200 + 20 + 2 + 1 = 723 ohms. Substituting these 
values in the fundamental equation, gives 

M 1 

X= -^ X P= j^ X 723 = 7.23 ohms. Ans. 

E 

(1130) By formula 31 1, C= — , where C is the cur- 
rent in amperes flowing in a closed circuit, E is the total 
E. M. F. in volts developed in the circuit, and R is the 
total resistance in ohms of the circuit. In this example, 
E= 36 volts, and/^ = 24+ 18 = 42 ohms; since. Art. 2191, 
the total resistance of a closed circuit is the sum of the 

E 36 
internal and external resistances. Hence, C = -^ = -— = 

K 42 

.8571 ampere. Ans. 

E 

(1131) By formula 312,/^ = -^, where 7? is the total 

resistance in ohms of a closed circuit, E is the total E.M.F. 
in volts developed in the circuit, and C is the current in 
amperes flowing through the circuit. In this example, E = 

12.6 volts, and C= 2.7 amperes; hence, 7? = -7:^ = — -^ = 

^ C 2.7 

4.6667 ohms. Ans. 

(1132) By formula 313, E-CR, where E is the 
total E. M. F. in volts developed in a closed circuit, C is 
the current in amperes flowing through the circuit, and R 
is the total resistance of the circuit. In this example, C = 
.8 ampere, and A' = 31.5 + 11 = 42.5 ohms, since, Art 

C. Vol. VL—24. 
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y/i^ "/ >-> -v-^ >. i i:l rim A. IS 

v>^ ^ r^ rr/rA'\^'^\''\ >v*#^ r.gf v> i^-.ri fr^tn the rsceptfre dcvkc 
V/ v«i ^r;>, 4iA^^, ^./,-,^ '.rv,^' :.-y/; ::*i^ in, >ti^th, aadofering 
;* /Mv^^ry^ "/ ,%\^/> ",•-,-.- : r.^xjt, :*i rr^tfHarye per foot is 

^11 /W; ^V Virsu-,'.A, 31 I , C := ' , where C is the cur- 

f^ff* i^ ;#f//;/^ f 4 f\frf/\w/^ \v, H f\f^>^A Circuity E is the total 
R Vf f ^f» /'rlf4 t\^:'/^\f,^f*'A if, the circtjit, and ^ is the 
f'fhJ f' .j.-fjir^/^ )u n\^iu^ of ihf. rjrcuit. In this example, 
A — 'Ai '^ff\i^^ ;ir»/l A' . H J f- 15,i/ ==^4 ohms, since. Art. 
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21 91 9 1^ toisJ T-es55t2Lnoe of a closed circi^ is the snm erf 
tbe intjcrrjLl ar^d eiiemal rtsistanoes. Heccse; 

C=-^= 1^ = 1 ampere 

Br form-iila Sl-A, E" = £ — C r„ where iE^' is tbe aTa£- 
a£^, «:«' en^rmal, E. 3L F. in volts of a baiteiy c-r ccber 
cJcctric i/^Ai70t in a closed circiiit, £ is the total E. IL F, 
in Tolts dertjoped in the source, C is the c-.irreni in ampcrTes 
flowing through the circiiit, and r,- is the internal resistance 
erf tbe batterj or electric source. In this example, -f = "J-l: 
Tolts, C = 1 ampere, and r = S. 1 ohms. Hence, £' = £ — 
Crg = ^ — (^-1 / l) = 1x1? volts. Ans. 

(1139) I>rt ^ represent the first branch, and ^ the 
second; then r^ = 1.2 ohms, r, = '2.2 ohms, and t~=4d 
amperes^ 

The current /:, in branch >^ will then be found bv substi- 
tuting these values in formula 31 5, which gives 

c^ = r^— = -T— -— = — - = 29.11.6 amperes. Ans^ 

Since the sum of the currents in the two branches is 15 
sunpcrts^ the current in branch B is, therefore, the differ- 
ence between 4/# amperes and the current in branch ^-1, inc 
4-5 — 29-11T6 = 15-^'*2i ampKrres. Ans. 

(1137) By formula 317, the joint resistance of two 
conductors c^>nnccted in parallel is equal to the product of 

their separate resistances divided by their sum, or * ' 






wnerc r^ and r, are the separate resistances of the two 

branches. In this example, r, = 45 ohms, and r, = 63 ohms. 

45 X C3 
Hence, -— — --'- = 20.25 ohms, the joint resistance of the two 
4'j T *>'^ 

conductors connected in parallel. 

(1138) From Art. 2203,the joint resistance of three 
conductors connected in parallel is given by formula 318, 

T T T 

R'" = Iir "~*~IiI ♦ where r„ r„ and r, are the separate 
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(QUESTIONS 1139-1188.) 



2NSn 

(1 1 39) By formula 329, E = ^^, . In this exam- 
ple, iV= 6,250,000 lines of force, S= 100 outside, or face, 
wires in series, for if 200 turns were wound around the core, 
there would be 200 outside, or face, wires, and, from Art. 

1 200 
2236, one-half would be connected in series, and ;/ = * 

60 

revolutions per second. Substituting these values in above 

. , . ^ 2XSn 2X6,250,000X100X1,200 

formula gives 1l = — -— z — = V,^^' ^^ ^^^ -— — ^ = 

^ 10* 100,000,000 X 60 

250 volts. Ahs. 

(1140) From Art. 2249, it will be seen that the cur- 
rent in the shunt field of a dynamo is equal to the difference 
of potential between the brushes divided by the resistance 

E 
of the shunt field circuit, or C, = -^. In this example, E = 

E 220 
220 volts, and R, = 440 ohms ; hence, C, = -^ = -— — = . 5 

K, 440 

ampere. Ans. 

(1 141) See Arts. 2226 and 2227. 

(1142) In Art. 2214, it is stated that a current will 
be induced in a closed coil or circuit when there is a change 
in the number of lines of force passing through that coil or 
circuit. In this case, as the magnetic field is uniform, there 
is no change in the number of lines of force passing through 
the coil C when it is moved from its original position to the 
position C\ as shown by the dotted outlines; and, hence, no 
current will flow around the ring. 

For notice of copyn'vfht, sfre pajfc immediately followintc the title paire. 
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f 
u»s been cut out, or short-circuited, then r, = — =? = -V^ = 

* 6. i.> 



^>'» ohms. Hence, the amount of resistance which 

ort, or short-circuited, in the rheostat is the dinerence \<- 

tTre^ern these two resistances, or 240 — ^C*'* = 4*J ohms, Ans> 

ril4Sj Use formula 332* In this example, the input 

1% X ^:J'5 000 
= ^ S = Tl,%23.2044 watts. Since one horsepower 

71 >''23 y^il 
t/^iials T4€J watts, then 11,823.2044 watts equal '\rV^"' — = 

1^>-27TS hoi^epower. Ans. 

(1140) If the current circulates in the direction indi- 
catie:d by the arrow-heads, tuitJur pole-piece will be a north 
pole; for, by applying the rule given in Art. 2I6O9 it wiil 
be seen that the north fK^le of one field coil is opposite the 
south pole of the other, and the lines of force circulate 
around the magnets without passing through the armature. 
If the winding of the right-hand coil were reversed, its top 
would be a north pole, and the top of the left-hand coil 
being also north, the pole-piece P would become a north 
i:fj>v^sta^tn\ pole. 

(1 150) See Arts. 2232 and 2234. 

(1151) In this example, it is first necessary to change 

the input from horsejxiwer to watts. Since one horsepower 

is equivalent to 746 watts, then 10 horsepower are equivalent 

to 10 X 746 = 7,460 watts. Then, by formula 330, the 

^ , - 6,341 y 100 ^. ^ . 

eraciency E = ~^ = ^^ P^^ cent. Ans. 

(1152) From b to a through the conductor; for, by 
applying the thumb-and-finger rule given in Art. 2221 jBS 
indicated, it will be seen that the middle finger is pointing 
towards a from d. 

(1 153) In this example, it is first necessary to find the 
input in watts. In this example, the output = 11,900 watts, 
and the per cent, efficiency = 85. Then, by formula 332, 

the mput = T—^ = 14,000 watts input. As m Art. 
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2277, the watts lost are found by multiplying the input 
by the per cent, loss and dividing by 100. Hence, 

14,000 X l.« o;:o .. 1 ^ • u AA 

.- z= 252 watts lost in core by eddy currents and 

hysteresis. Ans. 

(1154) {a) See Art. 2241. (*) See Art. 2238. 

(1155) According to Art. 2283 and formula 325, 

lVi=(? r^. In this example, C=120 amperes, and 
r< = .040 ohm; hence, Wt = 120* X .040 = 576 watts. Ans. 

(1156) From example 1155, the normal output from 
the dynamo is 120 amperes at 125 volts, or 120 X 125 = 
15,000 watts. The next step is to determine the input at 
this output when the efficiency is 75^. By formula 332, 

the input in this case is -—-^ = 20,000 watts. From 

* 7o 

example 1155, there are 570 watts lost in the armature due 

to its resistance, and, from Art. 2285, the loss in the 

1 ^ •. • . . 576 X 100 ^ .^ . . 

armature due to its resistance is = 2.88^. Ans. 

/wU, 000 

. (1 157) See Arts. 2289 and 2290. 

(1158) Under Field Losses, in Art. 2279, the watts 
lost in the series coils is found by using formula 325, 
where IV =z O R. In this example, C = 40 amperes, and A' = 
.04 ohm ; hence, VV =: 40' X .04 = 40 X 40 X .04 = G4 watts, 
which rej)resents the loss in the series coils. The watts lost 

in the shunt coil is given by formula 326, where W=^ . 

In this case, /: = 550 volts, and R = 550 ohms; hence, JV = 

y/a 550 X 550 

-f- = '-^— j^rr = 550 watts, which is the loss in the shunt 

K 550 

field. The total loss in the fields of a compound dynamo is 

equal to the sum of the losses in the series and shunt coils. 

Hence, the total loss in this case is 64 + 550 = 614 watts. Ans. 

(1159) P' is the south consequent pole of the field, 
since, from the rule in Art. 2160, in looking through the 
coils c and d from a position near P\ the current is circula- 
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ting around the field cores in the same direction as the 
movements of the hands of a watch ; while, on the contrary, 
in looking through the coils a and b from a position near 
Py the current is circulating around the upper field cores in a 
direction opposite to the movements of the hands of a watch. 

(1160) See Art. 2242. 

(1161) From Art. 2277, the total loss in a dynamo is 
the sum of the separate losses; hence, in this example, the 
total loss in watts is 356+178 + 203 + 423 + 50=1,270 
watts. From Art. 2272, the input to the dynamo in this 
case is 15,000 + 1,270 = 16,270 watts. By formula 330 the 

efficiency E = — ' = 92.1942^ at this output. Ans. 

(1162) From example 1161, the loss in mechanical 

friction is 356 watts, and the input is 16,270 watts; hence 

356 X 100 
(see Art. 2285), the per cent, loss is -^r^-iriUTr- = 2.1881 j^. 

Ans. (a). 
From example 1161, the loss in the core by eddy cur- 
rents and hysteresis is 178 watts, and the input is 16,270 
watts; hence (see Art. 2285),' the per cent, loss is 
178 X 100 , ^^, ^ . ,,v 

From example 1161, the loss in the field coils is 263 

watts, and the input is 16,270 watts; hence, the percent. 

. . 263X 100 , ^_^ . . , , 

^^^^ ^^ ~T?^~o^7rr~ — 1.6165^. Ans. (c). 

From example 1161, the loss in the armature (f r) — 
423 watts, and the input is 16,270 watts; hence, the per cent. 

loss is ^"^'^y^Jil^ = 2.5999 ^. Ans. {ci). 

it), yV 4 U 

From example 1161, the sum of the separate losses is 
1,270 watts, and this is the difference between the input and 
the output; the input is 16,270 watts; then, by formula 331, 

the total per cent, loss L = — ^ ^ ,^^^ — = 7. 8058 %. 

16,270 

Ans. {e). 



i^i i/rs^-SA^^, a:o kit-I'^l^ 






(ril74y '«> S^ Ar„ 227*>. /f; Sw Ar:. 22S3. (.) 
Jyy; A.",, 227(». 



'4^A'Ur//:/zT X'^'^'tK ^fivfrr; :r. An, 22309 ar^c 'nr.<r''g- the f-:^re- 
Uuyi^.r y/A,*, :n t?,f: dir'^^-^ifor* of the lines cf fomc and the 
rf^;/J^:,^ Ux.'/^*zz :r, th^ direction of the crLrrent, the thmnb 
wjJ^ jxy;r*t Vyirard^t the «:de a, 

r I 1 74$) ^ 'v: the formula given under Field Losses in 

// 
Art, XXHitf C^'- -'% which is a modification of formula 

^* 

31 I # In thiH example, Z:^ = 525 volts, and r, t= 650 ohms; 

/' 5/^5 
h''Jtfj% C\ : '* :-; ' '' r= ,^;T^; ampere. Ans- 

(I 177) The increase in voltage from no load to full 

loa/1 JH m,'Jl-\ 15 = 11.2 volts, which is ,,/ = 8^ of 

llo 

til': tiortfUi] voltage. Therefore, the over-compounding is 

H^, Ann, 

( 1 1 78) S<;c Art. 2233. 

(1179) First change the input from horsepower to 
wattH. Since one horsepower is equivalent to 74G watts, 44 
/lor scpower are equivalent to 44 X 746 = 32,824 watts. By 
formula 33(>9 the efficiency 
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(1180) In this example, the input 7=20,000 watts, 
and the output O = 17,500 watts. Then, by formula 331, 

the per cent, loss L = ^^ — * ^^^ =12.5^. Ans. 

^ 20,000 

(1181) In this example, the output is 12,500 watts, 
and the efficiency is 92. 5^. Consequently, by formula 332, 

. . ^ ;. 100 X 12,500 ^_ __ ^,_^ ^^ T^ A ' 
the mput /= K^Tn = 13,513.5135 watts. Reducing 

this input from watts to horsepower, gives 

13 513.5135 

— * = 18.1146 horsepower. Ans. 

(1182) See Art. 2286. 

(1183) In this example, it is first necessary to change 
the input from horsepower to watts. Since one horsepower 
is equivalent to 746 watts, fifty-five horsepower are equiv- 
alent to 55 X 746 = 41,030 watts. The output of the dynamo, 

by formula 333, = ^^'^^iqq ^^'^ = 36,311.55 watts. Ans. 

(1184) In the same manner as shown in Art. 2277, 
it will be seen that the loss in watts in the field coils is equal 
to the input multiplied by the per cent, loss and divided by 
100. In this example, it is first necessary to change the 
input from horsepower to watts. Since one horsepower is 
equivalent to 746 watts, forty-five horsepower are equivalent 
to 45 X 746= 33,570 watts. Consequently, the loss in the 

field coils is ' ' = 671.4 watts. Ans. 

(1 185) See Arts. 2247, 2249, and 2252. 

(1186) From Art. 2285, the per cent, loss in the 

core is found by dividing the watts lost in the core by the 

input, and multiplying by 100. Reducing 64 horsepower to 

watts gives 64 X 746 = 47,744 watts. Consequently, the 

1 • ^u . 800 X 100 ^ ^^^^. . 

loss in the core is —r^rum — = 1.6756%. Ans. 

47,744 

(1187) See Art. 2289. 

(1188) See Art. 2256. 
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See Arts. 2389 and 2407. 

See Art. 2309 and Fig. 897, 

See Art. 2334. 

See Art. 2399. 

See Art. 2356. 

See Art. 2304. 

See Art. 2402. 

See Art. 2365. 

See Art. 2338. 

See Art. 2381. 

See Art. 2384. 

See Art. 2349. 

See Art. 2403. 

See Art. 2315. 

See Art. 2331. 

See Art. 2406. 

When in the position of least action, a coil is 
momentarily disconnected from the external circuit| then 
is thrown in parallel with the coil ahead of it, then in series 
with the other two coils which are then in parallel, then in 
parallel with the coil behind it, and then disconnected from 
the circuit again. See Art. 2312, also, Fig. 898. 

(1239) {a) See Art. 2352. {l^) See Arts. 2356 and 
2359. 

(1240) {a) Of the 5 amperes input, by Ohm's law, 

125 

—— = 2 amperes go to the field, the loss being, therefore, 

2 X 125 = 250 watts. The rest, or 3 X 125 = 375 watts, make 
up the friction and core losses of the machine (Art. 2349). 



(1222) 


(1223) 


(1224) 


(1225) 


(1226) 


(1227) 


(1228) 


(1229) 


(1230) 


(1231) 


(1232) 


(1233) 


(1 234) 


(1235) 


(1236) 


(1237) 


(1238) 
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When taking an input of 77 amperes at 125 volts, or 9,625 
watts, there would still be required 250 watts for the field, 
and 375 watts for the core losses and friction. Of the 77 
amperes, 75 flow through the armature, and as this has 
a resistance of . 04 ohm, the armature C* r would be 75" X 
.04 = 225 watts. The total losses would then be 250 + 375 
-j- 225 = 850 watts, and the output would, therefore, be 

9,625 - 850 = 8,775 watts, or ^^^ = 11.76 H. P. ^ Ans. 

{6) The output being 8,775 watts, and the input 9,625, 

the efficiency is, by formula 330) * — = 91.17 per 

A 9,O/c0 

cent. Ans. ' 

(1241) See Art. 2379. 

(1242) (a) and {d) See Art. 2317. 

(1243) See Art. 2302. 

(1244) See Art. 2338. 

(1245) {a) and (6) See Art. 2396, and Figs. 928 
and 929. 

(1246) From Art. 2358, the speed of the field would 

72 
be — = 14.4 revolutions per second, or 14.4 x 60 = 864 

revolutions per minute. With 2.5^ slip, the speed of the 
armature would be 864— (864 X .025) = 842.4 revolutions 
per minute. Ans. 

(1247) See Art. 2367. 

(1248) {a) See Art. 2336. (*) and {c) See Art. 
2337. 

(1249) When the whole of the coil is directly under 
one pole piece. See Art. 2386. 

(1250) See Art. 2357. 
(1261) See Art. 2318. 
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See Art. 2405. 

See Art. 2343. 

See Art. 2369. 

(a) and (d) See Art, 
2340. 



2340. (c) See Arts. 



(1252 

(1253 

(1254 

(1255 
2339 and 

(1256 

(1257 
(1258 
(1259 
(1260 
(1261 

(1262) There is no definite answer for this problem, as 
a great number of different arrangements is possible. See 
Art. 2404. By comparing it with Fig. 931, Art. 2402, 
it will be seen if the connections are correctly made and all 
the necessary instruments in place; the exact arrangement 
is a matter of taste and judgment. 

(1263) See Art. 2347. 

(1264) See Art. 2319. 

(1265) The frequency being 132, and there being 11 

132 
pairs of poles, the motor will run at — - = 12 revolutions 

per second, or 60 x 12 = 720 revolutions per minute. See 
Art. 2352. 



See Arts. 2313 and 2314. 

See Art. 2371. 

See Art. 2355. 

See Art. 2336. 

See Art. 2331. 

See Art. 2356. 



(1266) 
(1267) 
(1268) 
(1269) 
(1270) 



(a) and (b) See Arts. 2356 and 2357. 
See Art. 2298. 
See Art. 2341. 
See Art. 2372. 
See Art. 2298. 
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(1271) The diameter of the driving pulley may be 

found from the rule given in Art. 1 478. In this example, 

the diameter of the driven pulley is 13 inches, its number 

of revolutions 700, and the number of revolutions of the 

13 X 700 
driving pulley is 182. Then, ' — = 50 inches, the 

diameter of the driving pulley. Adding 2^ for belt slip 
(Art. 2361) gives 50+ (50 X .02) = 51 inches. Ans. 

(1272) {a) The strength of the direct current would 
be the same as the effective strength of the alternating cur- 
rent, which is .7 of its maximum strength. See Art. 
2326. Then, .7 X 12 = 8.4 amperes. Ans, 

{b) See Art. 2326. 

(1273) See Art. 2341. 



yt. 






